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ABSTRACT
Effects of gamma-irradiation, variety and storage on 
physicochemical properties of brown rice from three 
Louisiana rice varieties: Mars, a medium grain variety,
Lemont and Tebonnet, long grain varieties, were determined. 
Cooking time was significantly reduced in Mars and Lemont 
at doses of 200 and 300 Krads. Irradiation increased 
cooking rate, water uptake at 80°c, water uptake ratios, 
total solids content in residual cooking liquid and starch 
damage from 100 to 300 Krad samples. Water uptake at 96°C 
generally decreased with increasing dose levels.
Evidence indicated alterations in the rice grain 
structure and composition. The component drastically 
affected by gamma-irradiation was starch as shown by 
reduced cooking time, increased water uptake, increased 
amounts of starch and protein in residual cooking liquid, 
reduced volume expansion, increased damaged starch and 
changes in amylographic pasting characteristics. Scanning 
electron microscopy showed more simple starch granules in 
irradiated samples than in nonirradiated samples. Struc­
tural changes in the bran layer due to gamma-irradiation 
were not evident from electron micrographs. Amylose, 
moisture, fat and protein content were not significantly 
affected by gamma-irradiation. Total color difference 
values indicated that brown rice darkened on irradiation 
and, became lighter on storage. Some changes in irradiated
xxiv
samples on storage were similar to those in nonirradiated 
samples but the degree of these changes were dependent upon 
dose.
Fat acidity values for irradiated Mars and Lemont 
samples were generally lower than nonirradiated samples. 
100 Krad samples of Tebonnet were higher than that of 0 and 
200 Krad samples. Fat acidity values of nonirradiated and 
irradiated samples of Mars, and nonirradiated samples of 
Lemont increased on storage while irradiated samples were 
not significantly affected. Values for Tebonnet were not 
significantly affected by storage.
TBA values for Lemont decreased from that at 0 to 100 
Krads and then increased at 200 Krads. There was no 
definite trend in TBA values for Mars. Dose effects on TBA 
values were insignificant for Tebonnet. On storage, 
irradiated samples of Lemont and Tebonnet had lower values 
than nonirradiated samples. stored irradiated samples of 
Mars tended to have higher values than nonirradiated samples.
xxv
CHAPTER I
INTRODUCTION
Rice is one of the most important cereal grains grown 
in many parts of the world and is, in fact, the main staple 
food of more than half of the world's population. It
accounts for one-third to one-half of the daily caloric 
intake in many Asian countries (Lu and Chang, 1980).
Furthermore, it is also the major source of dietary protein 
of many Asian people (Rao et al. 1972; Lu and Chang, 1980). 
On the basis of the fraction of each grain used as food, 
rice produces more food energy per hectare than other 
cereals (Juliano, 1985a).
Rough rice or paddy rice, as it is called in some
countries, is harvested rice with hulls cr husks intact.
After removal of hulls, the unmilled product obtained is
called brown rice. It has long been known that brown rice 
contains more protein, fiber, thiamine and niacin than
milled rice. Despite its high nutritional value, the
demand for brown rice as food has been limited because of
its longer cooking time, instability on storage, strong 
branny flavor and undesirable texture.
Studies have been conducted to produce quick-cooking 
brown rice. These processes involve physical methods like 
fissuring, soaking, cooking, drying (Roberts, 1972; Luh et 
al. 1980; Roberts et al. 1980; McCabe, 1976) and chemical
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treatments (Cox and Cox, 1975? and Smith et al. 1985). 
Some studies have been reported on gamma-irradiation 
reducing cooking time in legumes and rice (Rao and Vakil, 
1985? El Saadany et al. 1979). Improved storagability has 
also been reported (Ismail et al. 1978? Wang et al. 1983).
As a result of pioneering works, gamma-irradiation
processing is believed to be an ideal method for the 
preservation of rice grains and other foodstuffs (Wang et 
al. 1983). The toxicological data evaluated by the Joint 
FAO/IAEA/WHO Expert Committee (1981) on the Wholesomeness 
of Irradiated Food, gave no indication of any adverse 
effects from the ingestion of irradiated rice. Therefore, 
the previous provisional acceptance of rice has been 
changed to unconditional acceptance of rice irradiated for 
the purpose of controlling insect infestation, at an 
average dose of up to lkGy (100 Krads).
Applications of gamma-irradiation on cereal grains
have been for the purpose of reducing crop loss due to
insect infestation and microbial damage (Lorenz, 1975? Wang 
et al. 1983? Ismail et al. 1978). Studies have been 
conducted to determine the effects of irradiation on rice 
quality, however, few have investigated its effects on 
brown rice, particularly quantitative evaluation of these 
effects on rice grain structure, starch properties, lipid 
oxidation and storage stability.
The major aim of this study was to develop brown rice 
with improved cooking qualities and longer storage stabi­
lity from Louisiana varieties. Specific objectives 
included:
1. To modify the bran layer structure of brown rice 
by gamma-irradiation, to render it more permeable 
to water and less restraining to grain expansion 
during cooking.
2. To modify the starch granule structure and 
composition by gamma-irradiation to increase its 
hydrophilic characteristics.
3. To assess the effects of gamma-irradiation on 
starch, lipids and storage stability of brown 
rice.
Studies were conducted to determine the effects of 
gamma-irradiation, variety and storage on the physico­
chemical properties of brown rice. Considering its high 
nutritional value and it being a potential food source for 
a very large population of the world, possible improvement 
of brown rice quality through irradiation may increase its 
acceptance and consumption.
Chapter II
REVIEW OF LITERATURE
Rice (Oryza sativa L.) is a cereal that is principally 
consumed as whole gra?n. It is one of the leading food 
crops and is the staple food of more than half of the 
world's population. Consumption of rice has been greatest 
in Asia where 90% of the world's rice crop is produced 
(Juliano, 1985a). It is believed that one origin center of 
cultivated rice is in Southeast Asia, in the area covering 
Burma, Thailand and Cambodia (Sampath, 1985); and another 
probably in Africa (Adair, 1972). As early as 1609 
attempts were made to grow rice in North America (Adair, 
1972) and today it is grown in the United States in 
Louisiana, Texas, Arkansas, Mississippi and California.
Rice is considered a semiaquatic, annual grass plant 
which can grow in a wide range of water-soil regimes from 
deeply flooded areas to dry, hilly slopes (Lu and Chang, 
1980). Its long history of cultivation and selection under 
varied environments has resulted in its extraordinary 
diversity.
2.1 Rice Grain Structure
Rice grain structure is evidence of its composition. 
A knowledge of its structure is essential to understanding 
the physical and chemical properties of the rice grain,
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which in turn results in optimum utilization of the grain 
(Pomeranz, 1982).
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Figure 2.1. The structure of the rice grain 
(Juliano and Bechtel, 1985).
Scanning electron microscopy (Evers and Juliano, 1976? 
Saio and Noguchi, 1983; Watson et al. 1977) and transmis­
sion electron microscopy (Bechtel and Pomeranz, 1977, 
1978a, 1978b) have been used to study the ultrastructure of 
the rice grain.
The rice grain (rough rice) consists of an edible 
portion, the rice caryopsis, or brown rice and its outer 
covering,the hull or husk (Figure 2.1) (Lasztity, 1984; 
Pomeranz, 1982; Juliano, 1980a, Juliano and Bechtel 1985). 
The hull constitutes from 18 to 28% of rough rice weight 
(Lasztity, 1984). It is composed of two modified leaves: 
the palea and the larger lemma. The hull slows the attack 
of insects and deteriorative changes during storage 
(Pomeranz. 1982). It prevents development of rancidity by 
protecting the bran layers from mechanical damage during 
harvesting and subsequent handling.
Underneath the hull is the caryopsis coat that 
envelopes the caryopsis and is made up of three tissue 
layers: the pericarp, seed coat and nucellus (Juliano,
1972a; Juliano and Bechtel, 1985; Bechtel and Pomeranz, 
1977; Rooney et al. 1983). The pericarp constitutes 1 to 
2% of the caryopsis weight (Juliano, 1972a; Lasztity, 
1984). The extremely small germ which makes up 2 to 3% of 
the caryopsis weight is located on the ventral side of the 
caryopsis (Bechtel and Pomeranz, 1980; Juliano, 1972a; 
Lasztity, 1984). It contains the plumule and the radicle
in whose parenchyma and epithelial cells are found minute 
protein granules and fat globules (Juliano, 1972a; Juliano 
and Bechtel, 1985).
Next to the caryopsis coat is the aleurone layer which 
encloses the endosperm and the germ. It accounts for 4 to 
5% of caryopsis weight. The aleurone layer may have 
several layers of cells that vary with variety and location 
(Rooney et al. 1983). Unlike other cereals, aleurone 
cells in the rice grain are of two types - aleurone cells 
that surround the starchy endosperm and contain many 
proteinaceous aleurone grains and lipid bodies; and 
"modified aleurone cells" which lack aleurone grains, and 
have fewer lipid bodies or spherosomes (Bechtel and 
Pomeranz, 1977). The aleurone layer contains high amounts 
of phosphorus, magnesium and potassium (Bechtel and 
Pomeranz, 1980).
The rice endosperm contains tightly packed polygonal- 
ly shaped, compound starch granules in radially arranged 
endosperm cells (Rooney et al. 1983; Saio and Noguchi,
1983) and some protein bodies (Juliano, 1972a, 1980a;
Lasztity, 1984). The starchy endosperm is divided into two 
regions - the subaleurone and central regions, depending 
upon the number and types of protein present. Three 
different types of membrane bound protein bodies are 
present in the subaleurone region - large spherical, small 
spherical, and crystalline bodies. Large, spherical
protein bodies are found in the central region. Starch 
granules are surrounded by densely stained proteinaceous 
material that are localized in small pockets (Bechtel and 
Pomeranz, 1978a). The endosperm is extremely compact with 
no intergranular spaces that results in a hard, vitreous 
kernel with very little soft or floury region (Rooney et 
al. 1983).
2.2 Major Components of Rice.
Composition and properties of the rice grain are 
subject to variety and environmental variability. Table
2.1 shows the range of mean proximate analysis for brown 
rice and milled rice. Brown rice has a higher protein 
content than milled rice (8% at 14% moisture). It is also 
higher in fat, fiber, ash, pentosans and lignin.
Table 2.1. Range of mean proximate analysis of brown and 
milled rice (Juliano and Bechtel, 1985).
Nutrient Brown rice Milled rice
Protein (N x 5.95) 7.1-8.3 6.3-7.1
Crude fat 1.6-2.8 0.3-0.5
Crude fiber 0.6-1.0 0.2-0.5
Crude ash 2.9-5.2 0.3-0.8
Available
carbohydrates 72.9-75.9 76.7-78.4
Starch 66.4 77.6
Neutral detergent
fiber 3.9 0.7-2.3
Pentosans 1.2-2.1 0.5-1.4
Hemicelluloses • • • 0.1
2.2.1 Rice Carbohydrates.
Starch. Starch is the main constituent of rice 
endosperm and makes up 90% of milled rice dry weight 
(Juliano, 1972a; 1980a; 1985b). Rice starch granules are 
polygonal (Hood and Liboff, 1983), 3-10 um in size (Julia­
no, 1980a) and consist of smaller starch bodies (Watson et 
al. 1977) referred to as simple starch granules. Waxy and 
nonwaxy rice varieties differ in starch constituents. 
Nonwaxy rice contains 7 to 33% (dry weight basis) amylose 
while waxy or glutinous rice contains 0.8 to 1.3% amylose. 
Amylopectin is the major starch constituent in waxy rice 
(Juliano, 1972a; 1985b).
In general, starch granules exhibit birefringence and 
show characteristic "Maltese cross" patterns under a 
polarizing microscope (Greenwood, 1976). They also exhibit 
crystallinity and an X-ray diffraction pattern that are 
characteristics of cereal starches. The final gelatiniza- 
tion or birefringence end-point temperature (BEPT) dif­
ferentiates various starches. At the BEPT at least 95% of 
granules have swollen irreversibly in hot water with the 
loss of birefringence and crystallinity (Juliano, 1980a; 
Lund, 1984; Schoch, 1967). By means of scanning electron 
microscopy, Lee and Osman (1988) observed the geometric 
changes that occur in swelling of rice starch granules when 
heated from 65° to 95°C and noted that granules begin to 
swell radially, then undergo radial contraction and random
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tangential expansion. At higher temperatures, when 
solubilization of starch begins, rice starch granules lose 
their distinct ridges and appear to melt. The solubilized 
exudate forms a network that joins individual granules 
resulting in increased viscosity.
Differences in gelatinization temperatures were 
observed in starches isolated from milled rice of waxy and 
nonwaxy varieties (Reyes et al. 1965). Final gelatiniza­
tion temperature may be low (<70°C), intermediate 
(70-74°C), or high (>74°C) (Kongseree and Juliano, 1972). 
According to Juliano (1972a? 1985b) gelatinization tempera­
ture seems to reflect the accessibility or "porosity" of 
starch granules to various reagents. Juliano et al. (1969) 
have shown that differences between low and high gelatin­
ization samples in water absorption and solubility were 
mainly below 70-75°C. Nonwaxy rice starches continued to 
absorb water above their gelatinization temperature, while 
waxy starches had its maximum water absorption close to its 
gelatinization temperature. Water uptake as well as volume 
expansion and resistance to disintegration of milled rice 
are directly related to the amylose:amylopectin ratio of 
starch (Juliano, 1979). Higher amylose content increases 
water uptake of the starch granule and capacity to expand 
in volume without disintegration because of greater 
capacity of the granule to form hydrogen bonds or to 
retrograde. These observations, according to Juliano
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(1972a), support the hypothesis that the physical structure 
of the starch granule determines the rheological behavior 
of the paste as it takes up water. However, paste behavior 
becomes more dependent on its molecular structure (such as 
amylose content) than on its previous physical structure as 
the granule becomes dispersed and its structure is destroy­
ed. Metcalf and Lund (1985) however, observed that water 
uptake rates of some U.S. rice varieties are inversely 
related to their amylose content. Similar observations 
(Table 2.2) were made by Hogan and Planck (1958). Rices 
with low amylose contents (13 to 15%) generally had higher 
water uptake values than those with higher amylose contents 
(19 to 22%).
Table 2.2. Varietal differences in amylose content and 
water absorption of rice (Hogan and Planck, 
1958).
Variety Grain
type
Amylose content 
(%)
water absorption 
at 70°C 30 min. (%)
Century Patna 
231 long 13.6 67
Caloro short 13.6 123
Blue rose medium 14.7 67
Zenith medium 19.6 81
Bluebonnet 50 long 20.7 46
Improved
Bluebonnet long 22.5 51
Rexoro long 22.8 46
Texas Patna long 23.1 48
Sunbonnet long 23.2 43
Texas Patna 40 long 23.4 46
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Figure 2.2. Amylogaph viscosity curves of some rice 
starches (Juliano, 1985b).
One way that pasting behavior of rice flours and 
starches are observed is from Brabender amylographs. 
Insight into textural changes of rice during cooking are 
provided by amylography of 10% rice starch pastes (Juliano,
1984). Among the high-amylose rices and starches those 
with low gelatinization temperatures show higher amylograph 
peak viscosity, setback and consistency than those with 
intermediate gelatinization temperature (Juliano, 1985b). 
Figure 2.2 shows typical rice starch amylograms. Schoch 
(1967) describes the Brabender amylograms of rice starch as 
having the following characteristic features: (a) a
moderate pasting peak, (b) a moderate decrease in viscosity 
during prolonged cooking and (c) a high "setback" or 
increase in viscosity on cooling.
When boiling rice, BEPT correlates with cooking time 
(Juliano, 1980a). Samples with higher gelatinization 
temperatures require a longer cooking time than those with 
lower gelatinization temperatures for both waxy and nonwaxy 
rice (Juliano, 1972a; Juliano et al. 1969). According to 
Juliano (1972a), Nagato and Kono stated that one contribut­
ing factor is that rices with starch of low gelatinization 
temperature tend to start absorbing water and swell at a 
lower temperature (above the gelatinization temperature) 
during cooking than those with starch of higher gelatini­
zation temperature.
Bhattacharya and Sowhbagya (1971) studied water uptake 
of rice during cooking. Water uptake by rice during 
cooking is primarily related to the rice grain surface area 
and is generally unrelated to its physicochemical and
quality properties (except that there is a small inverse 
relationship with protein content and gelatinization
temperature). Small and slender grains tend to absorb more 
water on cooking for a definite time than larger grains. 
The parameter is primarily a reflection only of the
hydration rate of a sample. At 70 to 80°C, it was also
observed that water uptake of rice correlates well with its 
gelatinization temperature. The best correlation is, 
however, obtained when the value is expressed as a ratio of 
the water uptake at 70 to 80°C to that at boiling tempera­
ture whereby the interfering effects of surface area,
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cracked and chalky kernels, age, protein content, and 
others are eliminated.
Dietary Fiber. Hemicelluloses and cellulose, which 
constitute the dietary fiber of rice, are highest in rice 
bran and polish (Juliano, 1980a). Juliano (1972a) cites 
that Leonzio reported the pentosans content of brown rice 
to be 1.42 to 2.08%, 0.61 to 1.09% in milled rice, 8.59 to 
10.9% in bran and 3.15 to 6.01% in polish. The embryo 
contains 4.8 to 7.4% pentosans. Bran contains 45% pen­
tosans, germ 8%, polish 7% and milled rice 42%. Cartano 
and Juliano (1970) found that the hemicelluloses of milled 
rice are arabinoxylans containing glucose and galactose. 
The cellulose content of brown rice, as cited by Juliano 
(1980a) is distributed as: 62% in bran, 4% in embryo, 7% in 
polish, and 27% in milled rice.
2.2.2 Rice Proteins.
The protein content of brown rice varies from 7.1 to 
15.4% (calculated as N X 5.95) depending on variety, 
climatic and agrotechnical conditions (Lasztity, 1984). 
Hilled rice contains lower amounts of protein than brown 
rice because part of the protein-rich aleurone cells is 
removed during milling. Bradbury et al. (1980a) observed 
that high-protein brown rice contains 45% more protein than 
ordinary brown rice.
The predominant protein fraction in whole grain, 
milled rice and rice polish is glutelin (Cagampang et al. 
1966; Palmiano et al. 1968; Juliano, 1972b), while albumin 
and globulin are the major proteins of the bran and 
prolamin is evenly distributed throughout the rice grain 
(Cagampang et al. 1966). Resurreccion et al.(1979) found 
that glutelin accounted for 87-93% of milled rice protein. 
Glutelin has been found to consist of three major subunits 
(Takeda et al. 1970; Juliano and Boulter, 1976; Villareal 
and Juliano, 1978) with molecular weights of 38000, 25000 
and 16000. Xwasaki et al. (1982) reported that the soluble 
rice proteins, albumin and globulin, from long, medium and 
short grain rice varieties are comprised of four fractions. 
The albumins ranged in molecular weights from 10000 to 
200000 while the globulins ranged from 16000 to 130000.
The protein content of the embryo and aleurone layer 
is higher than that of the endosperm (Lasztity, 1984). The 
embryo, aleurone cells and grain coat constitute about 9% 
of the grain weight, but they contain 17% of the protein 
and 23% of the lysine in the rice grain (Bradbury et al. 
1980a; 1980b). Protein occurs in small discrete particles 
called protein bodies. Protein bodies in the aleurone 
layer contain 11.7% protein, 7.9% carbohydrate and phytate 
bodies. Endosperm protein is present in two forms, matrix 
and protein bodies (Rooney et al. 1983; Tanaka et al. 
1980). The protein matrix exists around the starch
granules. Protein bodies in the endosperm occur as 
spherical, membrane-bounded 1-2 urn bodies and exist 
throughout the peripheral and central portions of the en­
dosperm. Analyses of the proteinaceous particles indicate 
that prolamin is located in the'spherical protein bodies 
while the matrix protein is rich in glutelin and globulin 
(Tanaka et al. 1980).
Table 2.3. Amino acid composition of brown rice and 
milled rice (g/16.8 g nitrogen)a (Juliano, 
1972a).
Amino acid Brown rice Milled rice
Alanine 5.5-6.5 5.7-6.0
Arginine 7.6-9.5 8.2-9.1
Aspartic acid 9.0-10.5 9.2-9.8
Cystine 1.2-2.1 2.6-2.8
Glutamic acid 16.9-19.0 17.9-19.3
Glycine 4.5-5.4 4.6-4.9
Histidine 2.2-2.9 2.2-2.6
Isoleucine 4.1-4.8 4.7-5.1
Leucine 7.9-8.9 8.0-8.9
Lysine 3.5-4.6 3.4-4.0
Methionine 1.9-2.9 2.7-3.3
Phenylalanine 5.3-6.0 5.3-5.7
Proline 4.4-5.5 4.4-4.9
Serine 4.6-5.9 5.1-5.7
Threonine 3.6-4.4 3.6-3.8
Tryptophan 0.9-1.6 n.d.
Tyrosine 4.4-5.4 4.8-5.6
Valine 5.9-7.0 6.2-7.2
Ammonia 2.2-2.8 2.9-3.6
%N recovered 93b 96
®By column chromatography.
"Values recalculated to 95% recovery, tryptophan excluded.
Amino acid composition of brown and milled rice are 
shown in Table 2.3. According to Juliano (1972a) brown 
rice tends to have higher lysine content and lower glutamic 
acid content than milled rice. The total lysine content of 
high-protein brown rice is 18% greater than normal rice 
(Bradbury et al. 1980b). Houston et al. (1969) noted that 
bran, polish and germ contained higher levels of lysine and 
lower levels of glutamic acid than milled rice. The high 
lysine content (3.5-4.0%) of rice protein may be attributed 
to its low levels of prolamin, the poor-quality fraction 
protein (Juliano, 1972b). As in other cereals, lysine is 
the first limiting amino acid in rice protein (Juliano, 
1980a). However, rice protein has one of the highest 
nutritive values among cereal proteins because of its high 
lysine content (Lasztity, 1984) a relatively good amino 
acid pattern (Kennedy, 1980). In milled rice, protein 
efficiency ratio (PER) ranges from 1.38-2.56 depending upon 
variety, protein level and experimental conditions (Julia­
no, 1972a). Mitra and Das (1971) determined PER values of 
some high yielding milled rice varieties that fell in this 
range. PER values of 2 or higher are considered to be 
proteins of high nutritional quality and produce good 
growth in young animals (Kennedy, 1980). Eggum et al. 
(1982) observed that nitrogen balance of rats showed that 
brown rice has a lower true digestibility than milled rice
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(Table 2.4) but similar biological value and net protein 
utilization.
Table 2.4. Mean nitrogen and energy balance in five
growing rats of IR32 brown and milled rices 
(Eggum et al. 1982).
Brown rice Milled rice
True digestibility (%) 96.9 98.4
Biological value (%) 68.9 67.5
NPU (%)
Utilizable protein
66.7 66.4
(% wet basis) 5.8 5.5
Digestible energy (%) 94.3 96.6
Digestible energy (Kcal/g) 3.67 3.67
2.2.3 Rice Lipids.
Lipids exist in the embryo and aleurone layer of the 
rice grain as droplets or spherosomes that are submicros- 
copic in size and are about 0.5 urn or less (Juliano, 1977). 
Lipid bodies have also been observed in the rice endosperm, 
but a greater portion of endosperm lipid is with the 
protein bodies, which probably exist as membrane lipo­
proteins (Juliano, 1977). Starch granules also have bound 
lipids (Juliano, 1985b).
Lipids in cereal grains have been classified into 
nonstarch lipids, mainly those found in the spherosomes or 
lipid droplets of the aleurone layer and embryo; and starch 
lipids (Juliano, 1985b). The embryo of rice has the 
highest fat content followed by bran. Bran and polish 
contain about 80% of the lipids of brown rice and about
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one-third of the lipids of branpolish is in the embryo 
(Juliano, 1972a? 1977). Morrison (1978) cites that fat
content of brown rice ranges from 0.6 to 3.9 %.
Choudhury and Juliano (1980) reported that triglycer­
ides are the major fraction of bran, embryo and polish 
nonstarch lipids in mature brown rice. This is also true 
for milled rice, but the free fatty acid contents are 
higher in the inner endosperm than in the nonstarchy 
milling fractions. starch lipids are mainly composed of 
lysophosphatidyl choline, free fatty acids and lipophosph- 
atidyl ethanolamine and are located in the endosperm.
Hartman and Lago (1976) observed that lipids on the 
surface of rice caryopsis and those of rice hulls have 
similar free fatty acid composition and unsaponified 
matter. These researchers also observed that lipids from 
rice hulls contain four times more unsaponifiable 
matter and free fatty acid than rice bran and rice caryop­
sis.
Resurreccion and Juliano (1975) observed that pal­
mitic, oleic and linoleic acids are the major fatty acids 
of oils from bran-polish and milled rice. Fatty acid 
analysis of nonstarch lipids of milling fractions of mature 
brown rice by Choudhury and Juliano (1980), showed similar 
composition for brown rice, bran, embryo and polish with 
linoleic, oleic and palmitic acids as the principal fatty 
acids.
Studies conducted by Taira (1983) showed that gluti­
nous mutant lines of brown rice and milled rice have sig­
nificantly higher lipid content compared with the original 
nonglutinous variety investigated. Brown rice and milled 
rice of the glutinous lines show significantly higher 
myristic and palmitic acid contents than the original non­
glutinous variety.
2.2.4 Minerals and Vitamins.
The major source of ash in rice caryopsis is the bran 
layer, which may have an ash content of up to about 5% 
depending to a greater extent upon the cultural environment 
than variety (Simpson et al. 1965). In rice samples 
investigated by Simpson et al. (1965), ash content ranged 
from 0.26 to 1.95%. Distribution of ash in brown rice is: 
51% in bran, 10% in germ, 11% in polish, and 28% in milled 
rice (Juliano, 1972a). Major mineral constituents of ash 
are phosphorus, potassium, silicon, magnesium, calcium, 
sodium, iron and zinc.
Generally, vitamins are present in greater amounts in 
brown rice than in milled rice. A greater portion of these 
vitamins are found in the aleurone layers (the bran and 
polish) and the embryo (Juliano, 1972a).
According to Kennedy (1980), thiamine and niacin are 
probably the most important vitamins in rice. On an eneryg 
basis, the concentration of thiamine in brown rice of 0.09
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mg/100 Kcal, is more than sufficient to meet the Recom­
mended Daily Allowance (RDA) of 0.05 mg/100 Kcal for males 
19 to 22 years of age (Kennedy, 1980).
Sixty-five percent of the thiamine content in brown 
rice is found in bran, 13% in polish and the rest in milled 
rice; 39% of the riboflavin content is in bran, 8% in 
polish and 53% in milled rice; and 54% of the niacin 
content is in bran, 13% in polish and 33% in milled rice 
(Juliano, 1972a) . Thus, milling of rice would result in 
the loss of significant amounts of these vitamins.
2.3 Rancidity Development in Brown Rice.
A serious utilization problem of brown rice is the 
development of rancidity brought about by hydrolysis of 
lipids and oxidative breakdown of unsaturated fatty acids. 
Triglycerides and other lipid materials are easily hydro­
lyzed by the catalysis of lipase to form free fatty acids 
(Morita, 1979). Lipase and lipids are normally com­
partmentalized in aleurone and germ cells of the rice grain 
(Pomeranz, 1982). Morita (1979) cites work conducted by 
Aizono and co-workers who isolated and characterized three 
kinds of lipase. The major component, lipase I, has a 
molecular weight of 38700, binds calcium ions as a stabili­
zer and loses its activity when treated with chelating 
agents.
Another form of deterioration in brown rice is caused 
by the oxidation of unsaturated fatty acids by molecules of 
oxygen or by catalysis of lipoxygenase. Carbonyl compounds 
are formed from the breakdown of peroxides of unsaturated 
fatty acids (Morita, 1979; Shastry and Rao, 1975). Studies 
by Shastry and Rao (1975) on rice bran lipoxygenase showed 
that the enzyme is optimally active at pH 8.5; is activated 
by ferrous and calcium ions but is completely inactivated 
by copper ions. However, Yamamoto et al. (1980), noted 
that rice lipoxygenase is optimally active around pH 6.5 to 
7.0 and is little affected by Mg++, Sr++, Ba++, Mn++, Ni++, 
Cu++ and Cd++ at a concentration up to 10 mM. Calcium ions 
neither activate nor inhibit the enzyme in crude extracts 
and in a highly purified preparation at pH 7 and 9. A high 
enzyme activity is observed in unfractionated bran that is 
not uniformly distributed but is localized mostly in the 
germ fraction.
Morita (1979) states that storage of rice under 
partially anaerobic conditions increases the accumulation 
of ethyl alcohol as a metabolic product and also causes a 
reduction of carbonyl compounds from unsaturated fatty 
acids to give corresponding alcohols. When these stored 
rice grains are placed under aerobic conditions, the 
alcohols are reoxidized to produce aldehydes, which give 
rise to an off-flavor and also bind to amino groups of 
lysine residues to decrease the nutritive value of bran
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proteins. Sensory tests of rice stored for two months at 
40°C and then cooked showed the presence of a stale flavor 
(Yasumatsu et al. 1966)• Gas chromatographic analysis of 
headspace vapor of cooked rice showed three main peaks that 
corresponded to propionaldehyde acetone, n-valeraldehyde 
and n-caproaldehyde. Linoleic and linolenic acid content 
of the rice decreased during storage at 40°C. These 
results indicated that the unsaturated fatty acids autoxi- 
dize during storage and form carbonyl compounds responsible 
for the stale flavor of cooked rice.
Studies by Sowbhagya and Bhattacharya (1976) on the 
comparative behavior of raw and parboiled rice showed that 
peroxide or total carbonyls do not increase when raw 
lightly-milled rice is stored at room temperature in the 
dark for three years. However, parboiled rice becomes 
rancid in a few months.
2.4 Food Irradiation.
During the Second World War, technical developments 
made radioisotopes and electron-beam generators available, 
which raised new hopes of using ionizing radiation for 
better preservation of food (Diehl, 1983). In the United 
States many studies on food irradiation that began in the 
early 1950's were government sponsored, at least partly 
because the 1958 Food Additives Amendment to the Food, Drug 
and Cosmetic Act required advanced approval from the Food
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and Drug Administration (FDA) before any particular 
irradiated food could be sold publicly (Anon. 1983). 
Legislation in the U.S. introduced in 1958 classified 
irradiation as a food additive because different radiolytic 
products can be formed in different foods. Each kind of 
irradiated food was considered as a different food addi­
tive, which required separate proof of safety (Diehl, 
1982).
Wholesomeness of irradiated foods has been a main 
concern. Irradiated food is considered wholesome if 
harmful microorganisms and microbial toxins are not 
present, it does not have measurable radioactivity and if 
its nutritional quality has not been greatly changed 
relative to the same food that has not been processed or 
has been processed by an established conventional process 
(CAST, 1986). Urbain (1984) states that recent actions by 
the FDA indicate that they are now satisfied that ir­
radiated foods are safe in all respects.
Irradiation is a process wherein foods are exposed to 
certain kinds of ionizing radiation in order to obtain a 
variety of specific effects, which include: destruction of 
food spoilage organisms; inactivation of food-borne 
pathogens like Salmonella and parasites; inhibition of 
maturation which can cause spoilage of raw fruits and 
vegetables; elimination of insect infestation of foods and;
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chemical changes in foods that constitutes a quality 
improvement (Urbain ,1984).
2.4.1 Radiation and Radiation Sources.
Ionizing radiation is the form of energy on which the 
process of food irradiation is based (Urbain ,1978). Types 
of ionizing radiations suitable for treatment of food are: 
electromagnetic radiation in the form of gamma or X-rays 
and beams of electrons or negative beta particles within a 
certain energy range (Lorenz, 1975; Karel, 1975). Gamma- 
rays and X-rays are highly penetrating, with effective 
depth depending on their energy.
The rationale for most applications of irradiation of 
foods is the capability of ionizing radiation to bring 
about chemical change (Urbain, 1978). For chemical change 
to occur, covalent bonds must be broken. The energy level 
of ionizing radiation is greater than that of typical 
covalent bond energies which usually range from 1 to 8 
electron volts, hence all types of ionizing radiation can 
break covalent bonds (Urbain, 1978).
The sources of radiation used for food processing are 
either radioactive isotopes or machine sources. Cobalt-60 
has been the radioisotope used for commercial processing of 
food. This radioisotope is produced in a nuclear reactor 
by irradiation of cobalt-59. This radioisotope has a 
half-life of 5.27 years.
Cereal grains and cereal grain products are, in most 
instances, irradiated with cobalt-60 as the radiation 
source. Lorenz (1975) cites that the amounts of radioac­
tivity that could possibly be induced in grains or flours 
that have been sterilized and disinfected by cobalt-60 are 
negligible. He further states that sterilized grains can 
be handled with complete safety because the amount of 
radiation that could possibly be received must be very 
small in comparison with the natural background.
2.4.2 Effects on Maior Food Components.
Research on food irradiation has always included 
analytical studies on irradiated food and food components. 
This has included studies to determine lose of nutrients 
(e.g. vitamins); causes of radiation-induced off-flavors 
and off-odors and to find processing conditions that would 
minimize the formation of substances that could cause un­
desirable changes in sensory properties; to search for 
methods that would permit identification of irradiated 
foods; detect potentially toxic compounds in irradiated 
foods and thereby provide a better basis for designing 
toxicological studies; and to determine general principles 
of radiation chemical reactions occurring in foods of dif­
ficult composition, so as to remove the previous uncertain­
ty about the validity of extrapolating from one food to
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another in arriving at an evaluation of the consequences of 
irradiation (Diehl, 1983).
Experiments on the effects of irradiation on food 
components have involved the use of model systems. Results 
of these experiments have indicated extensive destruction 
of these isolated food components even by relatively low 
doses of radiation. However, these same substances are 
more resistant when irradiated in the complex matrix of a 
food (Diehl, 1983; CAST, 1986).
Carbohydrates. The response of carbohydrates to 
irradiation depends upon the conditions in which car­
bohydrates exist (Urbain, 1978). Carbohydrates may be in 
the pure state, of a particular crystalline form; in 
aqueous solution where irradiation would bring about 
oxidative degradation or in the food system together with 
other substances like amino acids and proteins that may 
provide protection against degradation.
Cellulose and starch are degraded on irradiation. 
Mechanisms of degradation are complex and extremely 
difficult to elucidate but the degradation process is 
believed to occur mainly by splitting of the glycosidic 
bond (Simic, 1983) leading to formation of dextrins of 
varying lengths as well as other radiolytic products 
(Urbain 1986).
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Figure 2.3. General scheme of the mechanisms caused 
by radiolysis of starch (Colonna et al. 
1987).
A general scheme for degradation mechanisms caused by 
the radiolysis of starch is shown in Figure 2.3 (Colonna et 
al. 1987). Ions and radicals produced in the degradation 
process may react together by dismutation, dimerization, 
dehydration, or beta-elimination. Direct combination may 
occur; intramolecular rearrangements may proceed cleaving 
an adjacent glycosidic linkage, followed by direct combina­
tion of the two new radicals (corresponding to the cage 
effect), which in polar liquids have an important stabiliz­
ing effect. Depolymerization may proceed wherein the 
radicals previously formed interact with water, constitut­
ing a hydrolysis-type split. As the depolymerization
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reaction progresses, oligosaccharides, which may be 
present, will reduce the extent of radiation damage. The 
ions and radicals may be converted into new radicals by 
interaction with products from water. In addition to the 
formation of monosaccharides and oligosaccharides, exten­
sive radiation of polysaccharides results in the production 
of oxidation by-products of lower molecular weight, in the 
form of gases, acids and glyoxals (Colonna et al. 1987).
Starches derived from different foods (maize, amylo- 
maize, waxy maize, bread, wheat, manioc, rice, potato and 
haricot bean) have produced a variety of radiolytic 
products upon irradiation (Adam, 1983). There were no 
marked differences in the nature and concentration of the 
radiolytic products from various starches. According to 
Urbain (1986), all starches generally show similar changes, 
thus information for a particular starch may be used to 
predict changes that occur in other starches. A list of 
radiolytic products that have been identified in maize 
starch Table 2.5 (Urbain, 1986).
Maltose, maltotriose and maltotetrose are the main 
products of the radiolytic breakdown of wheat starch 
irradiated at high dose levels (1 Mr ad) (Ananthaswamy et 
al. 1970b). It was suggested that the radiolytic breakdown 
resembles the process of alpha-amylolysis. Degradation 
proceeds by random cleavage of starch into maltodextrins of 
different molecular size and not by systematic cleavage
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from the non-reducing end, as is the case of beta-amylo- 
lysis, where maltose is the only final detectable product. 
Sreenivasan (1974) reported that initial levels of water- 
soluble reducing sugars in irradiated wheat starch in­
creased. Radiation-induced glyceraldehyde, dihydroxyacet- 
one and 2-hydroxyacetone and 2-hydroxymalonaldehyde in 
maize starch were measured by Raffi et al. (1981a).
Table 2.5. Radiolytic products of maize starch under
C>2, water content 12-13% (Colonna et al.
1987).
Radiolytic Concentration
products (ug/g per 10 kGy)
Formol 20
Acetaldehyde 40(< 8 kGy)
Acetone 2.1 (> 20 kGy)
Ma1ona1dehyde 2
Glycolaldehyde 9
Glyoxal 3.5
Glyceraldehyde and/or dihyroxyacetone 4.5
Hydroxymethylfurfural 1
Methylglyoxal < 0.25
Diacetyl < 0.1
Acetoin < 0.1
Furfural < 0.4
Formic acid 100
Acetic acid < 1.8
Glyoxylic acid < 0.5
Pyruvic acid < 0.2
Glycolic acid < 0.6
Malic acid < 1.3
Oxalic acid < 1.4
Methyl formate Traces
Ethyl alcohol Variable
Methyl alcohol 2.8
Glucose 5.8
Maltose 9.8
Mannose 0.1
Ribose 0.6
Xylose 0.4
Erythrose 1.2
h 2o 2 6.6 (1-4 kGy)
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Ananthaswamy et al. (1970b) observed that in ir­
radiated wheat starch, amylose and amylopectin were more 
susceptible to enzyme action compared to their nonir­
radiated controls.
MacArthur and D'Appolonia (1984) studied the effects 
of low dose (50, 100, 200 and 300 Krads) radiation of
starch isolated from three hard red spring wheat flours. 
Pasting properties of the starches showed decreased peak 
height, 15-minute hold height, and height at 50°C. Starch 
waterbinding capacity and damaged starch values increased. 
Swelling power decreased but solubility of the starches 
increased with radiation. According to these workers, the 
decrease in swelling power and reduced solubility values of 
the irradiated starch samples may suggest molecular 
degradation of the starch granule. Similarly, Rao and 
Vakil (1985) attributed the increase in water uptake, the 
decrease in initial pasting temperature and gelatinization 
viscosity of legumes to breakdown of starch and protein 
molecules to lower molecular weight species upon irradia­
tion. Because of fragmentation solubility of starch and 
proteins increased. This resulted in a 50% cooking time 
reduction.
Since starch exists in food together with other 
substances like proteins and lipids, the interactions of 
these substances upon irradiation has been of interest 
(Urbain, 1986). Proteins reduce the amount of degradation
brought about by irradiation but they are not as effective 
as mixtures of amino acids of the same composition as they 
occur in the protein. The effect is thought to be related 
to spatial conformation of protein amino acids that make 
them less available for interaction. The protection of 
both amino acids and proteins is due to interference with 
the availability of the OH* radical for interaction. Adam
(1983) cited work conducted on different types of cel­
lulose. The average molecular weight of Mexico cotton 
(cellulose I) and polynosic rayon (cellulose II) decreased 
when irradiated with a dose of 50 kGy (5 Mrad) under vacuum 
at room temperature. By hydrolysis of the original 
cellulose I or II, microcrystalline celluloses were 
obtained and when subjected to irradiation, molecular 
weights decreased to a smaller extent. As mentioned 
earlier, the degradation process is believed to be due 
to splitting of the glycosidic bond (Simic, 1983).
Proteins. The effect of radiation on proteins is not 
great at the levels applied in food irradiation (Urbain, 
1978). Chemical effects of irradiation on proteins in 
foods has been shown to be very small up to a dose of 10 
kGy (Delincee, 1983a). The nature of the radiation effect 
depends upon the protein structure (whether fibrous or 
globular), whether native or denatured, its composition, 
the presence of other substances, its state (wet, dry, in 
solution, or whether liquid or frozen) and the conditions
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of irradiation (dose, dose-rate, temperature, presence of 
oxygen) (Delincee, 1983a; and Urbain, 1978).
Effects of irradiation on proteins has resulted in 
modification of side chains, formation of new groups, 
splitting of peptide bonds, inter- and intramolecular 
crosslinking and breaking of hydrogen bonds (Lorenz, 1975). 
Small molecules are split from protein chains by irradia­
tion, like fatty acids (Basson, 1983), and mercaptans, 
which are of particular importance because they are 
off-flavor causing volatiles (Delincee, 1983a). Srinivas 
et al. (1972) observed that free tyrosine values increased 
in irradiated wheat flour and isolated wheat proteins 
indicating fragmentation of the proteins to low molecular 
weight entities. However, not much is known about the fate 
of the remaining major part of the protein. With globular 
proteins, evidence suggest that unfolding and aggregation 
occur upon irradiation (Diehl et al. 1978), whereas with 
fibrous proteins degradation mainly occurs.
Delincee (1983a) describes his work on mixtures of 
proteins, carbohydrates and lipids. Protein aggregates are 
formed in a stepwise manner from monomer to dimer to higher 
polymers. According to Basson (1983) there is evidence 
that both covalent and noncovalent bonds exist in the 
protein aggregates. Aggregation of both types are prevent­
ed by oxygen and leads to peptide chain breakage. Cross­
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linking of proteins with other proteins occurs while 
cross-linking with other cell constituents rarely occurs.
Diehl et al. (1978) found that the extent of radia- 
tioninduced aggregation of proteins was reduced by the 
presence of carbohydrates and was not affected by the 
presence of lipids. Increasing the amount of lipids in the 
presence of carbohydrates counteracted the effect of 
carbohydrates on protein aggregation .
According to Lorenz (1978) the total protein content, 
measured as total nitrogen, of wheat and wheat flour does 
not seem to be affected by radiation. The effect on the 
nutritive value of the protein or total amino acid profiles 
in properly processed irradiated foods are reported to be 
negligible (Delincee, 1983a). Similar results are reported 
by Vakil et al. (1973) and Metta and Johnson (1959). Amino 
acids in pure protein solutions are destroyed by irradia­
tion, however, protein solutions containing other solutes 
show much less degradation. The essential amino acid 
composition of wheat did not reveal any appreciable changes 
with radiation doses up to 1 Mrad (Srinivas et al. 1972) . 
Amino acid values are virtually unchanged at doses employed 
in food irradiation, and as a result, proteins suffer no 
measurable nutritional loss (Urbain, 1978).
Lipids. The chemical reactions that occur due to 
irradiation of lipids are affected by a number of para­
meters, such as lipid composition (whether saturated or
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unsaturated), physical state (solid or liquid), presence of 
other substances (like antioxidants) and irradiation condi­
tions (Delincee, 1983b). Post irradiation environment 
(storage atmosphere and temperature) is also an important 
factor.
Studies conducted on pure lipids were reported by 
Lorenz (1978). It is believed that since most of the mass 
in lipids is in the fatty acid side chains, a corresponding 
proportion of radiation must be absorbed in these portions 
of the molecule. Specific chemical changes induced by 
irradiation can also occur in sites close to reactive 
groupings in the lipid molecule. Decarboxylation of fatty 
acids yields carbon dioxide and the parent hydrocarbon. 
With unsaturated fatty acids, the major reaction is 
polymerization, however, decarboxylation also occurs.
The principal effect of irradiation in the presence of 
oxygen seems to be the initiation of reactions that are 
very similar to those that occur during autoxidation 
(Lorenz, 1978), where free radical mechanisms, cause the 
formation of hydroperoxides that decompose into a variety 
of products such as aldehydes, aldehyde esters, oxoacids, 
hydrocarbons, alcohols, ketones, hydroxy and ketoacids, 
lactones and dimeric compounds (Urbain, 1978). Thus, 
irradiation accelerates the autoxidative process. Chipault 
and Mizuno (1966) showed that when unsaturated fats were 
irradiated at ambient temperature, oxygen initiated
36
autoxidation which continued at a rapid rate during storage 
in the presence of oxygen. However, storage under vacuum 
restored fat stability. Irradiation of fats in vacuum 
decreased its stability such that when exposed to oxygen 
after irradiation they underwent autoxidative deterioration 
very easily. However, most researchers agree that removal 
of oxygen prevents both the development of peroxides from 
lipids and the development of off-odors on irradiation 
(Lorenz, 1978).
Nawar (1978) reviewed the reaction mechanisms in 
radiolysis of fats. The general mechanism of fat radioly­
sis appears to involve primary ionization, followed by 
migration of positive charges toward the carboxyl groups 
and the double bonds, and cleavage at preferential posi­
tions near the carbonyl groups. Free radicals that are 
produced undergo various reactions that lead to formation 
of stable radiolytic products. With unsaturated fatty 
acids, the major reaction is dimerization.
Only minor changes in lipids occur in cereal grains 
due to irradiation (Lorenz, 1978). Studies of lipids in 
irradiated cereal grains indicate that irradiation has no 
effect on the splitting of fats at any treatment level up 
to 580 Krad. Rao et al. (1978) observed no appreciable 
changes in total lipids of wheat irradiated up to 1 Mrad 
but a significant increase was observed in free lipids with 
a concomitant decrease in bound lipids. Tipples and Norris
(1965) reported that gamma irradiation produced small 
changes in the lipid fractions of irradiated wheat. 
Linoleic and linolenic acids decreased slightly, but 
significantly only at io7 rads. Upon storage, linoleic and 
linolenic acids of irradiated milled wheat autoxidized at 
a slower rate than nonirradiated samples. Peroxide values 
of lipids from irradiated wheat were higher than those for 
nonirradiated wheat. A gradual increase in peroxide value 
of lipids in nonirradiated wheat flour was observed during 
storage, whereas lipids of irradiated wheat did not show 
the same extent of increase. To produce relatively minor 
changes in lipids of cereal grains, rather high dosage 
levels are required (Lorenz, 1978).
Wang et al. (1983) observed that fat acidity of two 
irradiated Taiwan rice varieties were almost on the same 
level as nonirradiated ones with gamma-irradiation doses 
below 300 Krads. These varieties showed a decrease in the 
fat acidity level on storage for twelve months. A third 
variety showed an increase of 18.9% in fat acidity level 
and a slight increase in fatty acids on twelve months 
storage. All varieties showed a decrease in fat acidity on 
storage for 24 months to around 40-45% of the corresponding 
original rice-grains before the preservation test. These 
workers believe that there was complete protection from air 
oxidation of fats and oils in rice-grains by rice hulls.
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2.4.3 Irradiated Rice.
Investigations on the effects of gamma-irradiation on 
rice has been conducted in conjunction with its use for 
desinfestation and control of microbial growth. A few 
studies have been conducted with regards to the use of 
irradiation to improve cooking quality and storageability 
of rice, more particularly brown rice.
Ismail et al. (1978) investigated the effect of gamma 
irradiation on some organoleptic and physicochemical 
properties as well as storageability of Egyptian rice. One 
short-grain (Giza 172) and one long grain variety (Sakha 1) 
milled to obtain brown and milled rice were used. Irradia­
tion of up to 50 Krads did not affect the chemical and 
nutritional qualities of rice, particularly amino acid and 
B-vitamins content. The storageability of the irradiated 
rice under ambient conditions of 25-29°C and 65-85% R.H. 
was enhanced, changes in the cooking behavior of rice 
was observed as the irradiation dose increased. Deteriora­
tion in cooking and eating qualities occurred at 100 Krads 
and above. Cooking time was reduced, amylograph maximum 
viscosity of the rice paste decreased in relation to dose 
levels and protein solubility increased at relatively high 
dose levels.
A similar investigation was conducted by El Saadany et 
al. (1979) however, the specific rice varieties used were 
not described nor was the samples' history given. Results
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obtained were in agreement with those observed by Ismail et 
al. (1978).
Dose levels ranging from 0-2000 Krads were used in 
studies using Taiwan produced rice grains (Wang et al 
1983). Dose levels below 300 Krads and storage for 24 
months at 20-30°C did not show significant changes in 
cooking quality of the rice samples.
Effects of low dose (14-40 Krads) gamma-irradiation on 
the biochemical and organoleptic properties of basmati rice 
from West Pakistan was reported by Nadeem et al. (1969). 
The dose levels used did not cause significant changes in 
moisture, nitrogen, protein , fat or amino acid contents of 
rice. No significant changes were observed in organolep­
tic properties of the irradiated rice compared to the 
nonirradiated rice.
Studies have been conducted on the effect of cathode 
ray irradiation on brown rice quality (Umeda et al. 1968). 
Brown rice cooked immediately after irradiation at dose 
levels of 30 Krad or more were observed to have off-flavo- 
rs. At levels of 60 Krad, the rice had a disagreeable 
flavor and appearance, which were eliminated after storage 
for 8 months. Organoleptic tests conducted on rice 
irradiated at dose levels of 30 to 300 Krad showed deterio­
ration in the quality of rice at a dose level of 100 Krad. 
The rice had turned slightly brown and the tissue had sof­
tened. Radiation doses up to 30 Krad showed no adverse
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effects on the organoleptic and cooking properties of the 
rice.
CHAPTER III
CHEMICAL AND PHYSICAL CHARACTERISTICS OF 
BROWN RICE FROM THREE LOUISIANA VARIETIES 
AS INFLUENCED BY GAMMA-IRRADIATION
3.1 INTRODUCTION
The production of quick cooking rice has involved 
physical methods like fissuring, soaking, steaming, drying 
(Roberts, 1972; Luh et al. 1980; Roberts et al. 1980; and 
McCabe, 1976) and chemical treatments (Cox and Cox, 1975; 
and Smith et al. 1985). Many of these processes affect the 
rice grain structure, particularly the starch component, to 
improve water imbibition and reduce cooking time. These 
processes may result in the loss of nutrients through 
leaching, heat degradation or chemical destruction. One 
possible process by which rice grain structure may be 
altered to improve water uptake, shorten cooking time and 
minimize nutrient loss is gamma-irradiation. Studies have 
been reported on the effects of gamma-irradiation on starch 
of various cereal grains (MacArthur and D'Appolonia, 1984; 
Roushdi et al. 1981; Ananthaswamy et al. 1970a; 1970b).
The few studies conducted on irradiation of rice in 
conjunction with reducing crop loss due to insect infesta­
tion and microbial growth (El Saadany et al. 1979; Ismail 
et al. 1978) have indicated reduction in cooking time of 
the rice grain.
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This study is the first phase of a project on the 
irradiation of brown rice from Louisiana varieties. Its 
aim was to determine the minimum irradiation dose level 
which would bring about a significant change in cooking 
time and to investigate the effects of irradiation on some 
physicochemical properties of rice, particularly water 
uptake, amylographic pasting properties, starch damage, 
amylose content, moisture content, residual solids in 
cooking water and color.
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3.2 MATERIALS AND METHODS
Rough rice samples of medium grain (var. Mars) and 
long grain (var. Lemont and Tebonnet) varieties from the 
1985 harvest were obtained from the Rice Research Experi­
ment Station at Crowley, Louisiana and stored at 0-4°C 
prior to use. Milled and brown rice were prepared at the 
Rice Processing Laboratory, Department of Agricultural 
Engineering, Louisiana State University (LSU). Brown rice 
samples were irradiated at 100, 200 and 300 Krads in a
Cobalt-60 irradiator at the Nuclear Science Center, LSU. 
These irradiation levels were chosen because preliminary 
trials did not show significant effects at lower doses. 
Milled and nonirradiated brown rice were used as controls. 
Samples were subjected to physicochemical tests which 
included moisture content, cooking time, water uptake, 
residual solids, damaged starch amylose content, amylog- 
raphy and color.
3.2.1 Preparation of S a m p l e s .
Steps involved in the preparation of samples are given 
in Figure 3.1. Rough rice samples were weighed in 500-gram 
portions and passed through a Carter Dockage Tester (Style 
#X72 Harter-Carter Company, Minneapolis, Minn.) to remove 
dockage, using sieves No. 29, 25 and 22 for the top, middle 
and bottom positions, respectively, for long grain and Nos. 
29, 25 and 4 for medium grain rice. Air setting was fixed
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Figure 3.1. Sample preparation diagram.
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at the standardized position following the recommendations 
given in the Rice Inspection Handbook (USDA, 1982).
Moisture content of rough rice was determined using a 
Motomco Moisture Meter Model 919. The rice samples had a 
mean moisture content of 13 percent.
Brown rice was produced by shelling dockage-free rough 
rice in a McGill Sheller (H.T. McGill, Houston, Texas) 
according to the Rice Inspection Handbook (USDA, 1982).
Approximately 300 grams of brown rice of each variety 
was milled using a McGill No.2 Miller (H.T. McGill, 
Brookshire, Texas) in aliquots of 100 grams. Each aliquot 
was milled for 45 seconds with a weight on the leverage 
arm. After the milling cycle, the weight was removed and 
the machine was allowed to run for another 45 seconds for 
the brushing cycle.
Grading to obtain whole kernels of both milled and 
brown rice was accomplished by first using a rice sizing 
machine where rice grains were allowed to flow over plates 
of given sizes to separate broken kernels. Several passes 
were made to remove a large portion of broken rice. Since 
whole kernels were desired, further grading was accomplish­
ed by hand sorting. Broken, chalky, unhulled and dis­
colored kernels were separated. Only good whole kernels 
were used in the study. Samples were packed in poly­
ethylene bags.
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3.2.2 Experimental Procedure.
Figure 3.2 shows the experimental flow diagram. 
Irradiation of brown rice.
Brown rice samples were irradiated at 100, 200 and 300 
Krads using a Cobalt-60 source at the Nuclear Science 
Center, Louisiana State University, with a dose rate of 
4030 rads/min.
Rice samples will be referred to as:
Variety
Mars Lemont Tebonnet
Milled rice MM LM TM
Brown rice
0 Krads MB0 LB0 TB0
100 Krads MB100 LB100 TB100
200 Krads MB200 LB200 TB200
300 Krads MB300 LB300 TB300
Physico-chemical analyses .
Selected physicohemical properties of irradiated brown 
rice and controls (nonirradiated brown rice and milled 
rice) were analyzed. Prior to analyses samples were ground 
in a hammer mill to pass through a 60-mesh sieve.
Cooking time. An Automatic PEP Precision Cooker Model 
PCS-3 was used to determine cooking time. This system
ROUGH RICE
CON
MILLED
r ice
rkOLS BROWN RICE 
IRRADIATION
BROWN 1 0 0  2 0 0  3 0 0
r ice  K rads  Krads Krads
PHYSICAL-CHEMICAL ANALYSIS
Figure 3.2. Experimental flow diagram.
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consists of a master and two slave stations, however, only 
the master station was used. According to Velupillai
(1984), the master station is programmed for power (cooking 
rate) and time control in the primary mode of operation. A 
unique feature of this system is that the cooking cycle is 
controlled by power level and time rather than by tempera­
ture.
The procedure described by Velupillai (1984) was 
adopted with some modifications. Nine hundred milliliters 
of tap water was added to the master station pot. Two 150- 
ml glass beakers, each containing 70 ml distilled water 
(Bhattacharya and Sowbhagya, 1971) were placed in the pot. 
Each beaker was covered with a watch glass. The lid was 
placed on the pot with the pressure relief valve weight 
removed to facilitate controlled venting and to a avoid 
loss of heat during the preheat cycle. As recommended by 
Velupillai (1984; personal communication) the preheat cycle 
was set to provide 700 watts of power and the preheat timer 
set for 13 minutes.
At the end of the preheat cycle the lid was removed 
and 10 grams of rice (Bhattacharya and Sowbhagya, 1971) was 
added to one beaker and covered with a watch glass. A 
sampling spoon was placed in the other beaker so as to 
avoid temperature changes during sampling (Ranghino, 1966).
The cook cycle was set to provide 600 watts because
preliminary trials indicated this resulted in water
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temperatures of 97-99°C in the pot. The cook cycle timer 
was set for 48 minutes. The cook cycle automatically 
started at the end of the preheat cycle.
The rice sample was allowed to cook for 20 minutes 
after which sampling was conducted every 2 minutes until 
the end of the cook cycle. Ten grains were randomly 
sampled and pressed between two 75 x 50 mm glass slides. 
The number of translucent kernels were counted and record­
ed. The time at which 90 percent of the kernels were 
translucent was considered as the cooking time.
Water uptake. Water uptake was determined by the 
method of Ali and Bhattacharya (1972) with some modifica­
tions. Twenty milliliters distilled water was placed in a 
screw cap test tube and placed in a covered thermostatical­
ly controlled water bath at 80 + 1°C and in a boiling water 
bath (96 + 1°C) . The water was allowed to heat for 30 
minutes. Two grams of rice was added and the test tubes 
recapped. Cooking was allowed to proceed for 30 minutes. 
Samples were cooled in running water for 5 minutes, 
drained, filtered through a Buchner funnel lined with 
Whatman No. 3 filter paper for 5 minutes and weighed. 
Apparent water uptake at 80°C (W80) and at 96°C (W96) was 
calculated as the percent weight increase (g water absor- 
bed/g sample multiplied by 100). Water uptake ratio was 
calculated from values obtained at the two temperatures ex­
pressed as percent (WgQ/Wgg).
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Total solids content in residual cooking water fTSCR^. 
The method of Kongseree described by Juliano (1982) was 
followed. Ten milliliters of cooking water obtained after 
rice was cooked for 30 minutes at 96°C was placed into a 
previously dried and weighed aluminum dish and dried in a 
Precision Gravity Convection oven for 8 hours at 130°C. 
The dried sample was cooled in a dessicator and weighed. 
Total solids was calculated and expressed as grams 
solids/lOOg sample.
Amylose. Amylose content was determined by the 
simplified assay method of Juliano (1971). Absorbance was 
read at 620 nm with a Gilford Response UV-VIS Spectro­
photometer. Amylose content was expressed on a dry weight 
basis.
Damaged starch. Damaged starch was determined by the 
AACC method (1976). Fungal alpha-amylase was obtained from 
the Sigma Chemical Company. Damaged starch was expressed 
on a dry weight basis.
Moisture content. Moisture content was determined by 
the AACC method (1976). Samples were dried to constant 
weight at 135°C in a Precision Gravity Convection oven.
Amvlographv. Amylography was conducted using a C.W. 
Brabender Visco/amylo/Graph with a 700 cmg sensitivity 
cartridge.
Forty-five grams of rice flour was blended with 250 ml 
of water for 1.5 minutes at high speed in a blender. The
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resulting slurry was quantitatively transferred to the 
amylograph bowl using an additional 200 ml water.
The slurry was first allowed to heat for 2 minutes to 
30°C, followed by heating at a constant rate of 1.5°C/min 
to 95°C, holding at 95°C for 15 minutes and finally cooling 
at a constant rate of 1.5°C/min to 50°C.
Gelatinization temperature was obtained from amylo- 
graphs and was taken as the point of initial increase in 
viscosity (Halick and Kelly, 1959). Peak time was deter­
mined as the time in minutes required to reach peak 
viscosity from initial heating at 30°C.
Breakdown, setback and consistency (Juliano, 1985c; 
Bhattacharya and Sowbhagya, 1979) were calculated as: 
Breakdown = P - H 
Setback = c - P 
Consistency = c - H 
where: P - peak viscosity in Brabender Units (BU)
H - viscosity in BU after holding at 95°c for 
15 min
C - viscosity in BU at 50°C.
Color. A Hunterlab Model D25 Color Difference Meter 
was used to measure color attributes £, a and b. £, a and 
b values of a yellow Reflectance Standard No. C2-11557 were 
also determined and the total color difference, A e , 
between the standard and each of the samples was computed
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by the following equation:
Ae = V ^ 2 + I2 + b2
where L, a and b are the respective differences between 
the sample and the standard (Rao et al. 1972).
Statistical analysis. Analysis of variance for a 
completely randomized design was performed using programs 
included in the Statistical Analysis System Software 
package from the SAS Institute, Inc., Cary, North Carolina. 
Differences between individual treatments were determined 
by the Least Significant Difference (LSD) test at a 5% 
level of significance. Correlation analysis was conducted 
on some characteristics (Gomez and Gomez, 1984).
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3.3 RESULTS
3.3.1 Effects of Dose Level and Variety on Cooking Time.
Statistical analysis for cooking time gave 
highly significant effects of dose and variety. Determina­
tions of cooking time indicated a downward trend as 
irradiation levels increased for all varieties (Figure 
3.3). Mean cooking times for individual brown rice and 
milled rice samples are given in Table 3.1. Irradiated
Table 3.1. Mean cooking time of milled and irradiated 
brown rice.
Cooking time (minutes)a
Milled
Dose level (Krads) b
Variety rice 0 100 200 300
Mars 28.5 33.5a 31.0b 30.0b 29.5b
Lemont 36.5 41.0c 39.Ocd 38.5de 36.5ef
Tebonnet 32.0 35.Oaf 36.5ef 36.Of 35.5f
aAverage of four determinations. 
kMeans with the same letter are not significantly 
different (P > 0.05).
samples of the Mars variety showed significantly lower 
cooking times than nonirradiated samples. Although cooking 
time decreased with increasing dose among irradiated 
samples of Mars, no significant differences existed. For 
Lemont, higher dose levels gave significantly lower cooking 
times in comparison to LB100 which was not significantly
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Figure 3.3. Effect of gamma-irradiation on cooking time
of brown rice.
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different from the LBO. However, LB100 did not differ 
significantly from LB200. Tebonnet showed a downward trend 
from 100 Krads to 300 Krads but there were no significant 
differences among the samples.
Mean separation (Table 3.2) showed that overall 
cooking time decreased as dose levels increased regardless 
of variety.
Table 3.2. Mean separation of cooking time by dose.
Grouping Meana N Dose (Krads)
A 36.5 12 0
A B 35.5 12 100
C B 34.8 12 200
C 33.8 12 300
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Varietal differences were highly significant 
(Table 3.3). Mean cooking time for Mars was the shortest 
(P < 0.05) and Lemont the longest (P < 0.05).
Table 3.3. Mean separation of cooking time by variety.
Grouping Mean3 N Variety
A 38.6 16 Lemont
B 35.7 16 Tebonnet
C 31.0 16 Mars
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
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Milled rice samples had relatively shorter cooking
times than brown rice samples. However, milled rice and
300 Krad treated samples of the Lemont variety had the same 
means.
3.3.2 Effects of Gamma-iirradiation and Variety on 
Water Uptake.
Means for apparent water uptake values at 80°C (W80)/ 
96°c (W96), and water uptake ratio (WR) are given in Tables
3.4 - 3.6. Wqq and WR increased with an increase in dose 
levels (Figures 3.4 and 3.5). W9g values were higher in 
nonirradiated samples than at 300 Krads (Figure 3.6). A 
continuous decrease was observed from LBO to LB300. Values 
for Mars and Tebonnet increased and decreased at certain 
dose levels but these variations were not significant. 
Water uptake values for milled rice were higher than those 
of brown samples.
Table 3.4. Mean apparent water uptake of milled and 
irradiated brown rice at 80°C.
Apparent water uptake (%)a
Milled
Dose level (Krads)D
Variety rice 0 100 200 300
Mars 177.98 81.27a 88.70b 93.53bc 95.47c
Lemont 81.65 33.28d 34.44d 37.59de 38.17d<
Tebonnet 89.26 37.73de 42.OOef 46.13f 45.99f
fMean of three replicates.
"Means with the same letter are not significantly different 
at P > 0.05 using the LSD test.
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Figure 3.4. Effect of gamma-irradiation on apparent water
uptake of brown rice at 80°C.
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Figure 3.5. Effect of gamma-irradiation on water uptake
ratio of brown rice.
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Figure 3.6. Effect of gamma-irradiation on apparent water
uptake of brown rice at 96°C.
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Table 3.5. Mean apparent water uptake of milled and 
irradiated brown rice at 96°C.
Apparent water uptake (%)a
Milled
Dose level (Krads)D
Variety rice 0 100 200 300
Mars 311.09 196.86bc 200.50ab 187.24d 191.86cd
Lemont 313.15 200.34ab 202.49ab 199.85ab 189.53cd
Tebonnet 315.59 206.96a 201.90ab 199.83ab 201.47ab
aMean of three replicates.
^Means with the same letter are not significantly different 
at P > 0.05 using the LSD test.
Table 3.6. Mean water uptake ratios of milled and 
irradiated brown rice.
Water Uptake ratio (%)a
Dose level (Krads)0 
Milled ____________________________
Variety rice 0 100 200 300
Mars 57.21 41.33a 44.25a 49.95b 49.76b
Lemont 26.09 16.65c 17.01c 18.80cd 20.lOcd
Tebonnet 28.37 18.22cd 20.82de 23.14e 22.83e
aMean of three replicates.
^Means with the same letter are not significantly different 
at P > 0.05 using the LSD test.
Analysis of variance indicated significant effects of 
dose and variety on water uptake values. No significant 
variety and dose interactions were observed for W80 and W^. 
Significant interactions were noted for W9g. Table 3.7 
shows the overall effect of irradiation dose levels and 
Table 3.8 varietal effects. W80 values ranged from 50.76
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Table 3.7. Effect of dose level on water uptake.
Dose
Level N
Mean Water Uptake Values3
80°C
(%)
96°C
(%)
Ratio 
(W80/W96 x 100)
0 9 50.76a 201.39a 25.40a
100 9 55.05b 201.63a 27.36a
200 9 59.08C 195.64b 30.63b
300 9 59.88C 195.29b 30.91b
aMeans in the same column with the same letter are not
significantly different at P > 0.05 using the LSD test.
Table 3.8. Effect of variety on water uptake of 
irradiated brown rice.
Mean water uptake values3
Variety N
80°C
(%)
96°C
(%>
Da 4* T a
(W8 0 )/W96 X  100)
Mars 12 89.74a 194.12a 46.32a
Lemont 12 35.87b 198.05b 18.14b*
Tebonnet 12 42.96c 202.54c 21.27c
aMeans in the same column with the same letter are not 
significantly different at P > 0.05 using the LSD test.
percent for 0 Krads to 59.88 percent for 300 Krads while Wr 
ranged from 25.40 percent to 30.91 percent. Among ir­
radiated samples values for 200 and 300 Krads were not 
significantly different but those of 100 Krads were 
significantly different. An opposite trend was observed 
for w96. Higher dose levels gave lower values.
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Among varieties (Table 3.8), W80 and Wr values for Mars 
were significantly higher than Lemont and Tebonnet. Lemont 
had the lowest values. Tebonnet gave the highest values 
for W96 and Mars the lowest.
3.3.3 Damaned Starch in Milled and Irradiated Brown Rice.
Effects of variety and dose on damaged starch were 
found to be significant. Mean values for individual 
samples are given in Table 3.9. Damaged starch values for 
milled rice were lower than those for brown rice.
Table 3.9. Damaged starch of milled and irradiated brown 
rice.
Damaged starch (%)a
Milled
Dose level (Krads)®
Variety rice 0 100 200 300
Mars 6.71 12.77a 9.44cd 10.37bcd 11.33ab
Lemont 5.28 9.97bcd 8.50d 9.87bcd •10.13bcd
Tebonnet 8.50 10.44bc 9.09cd 9.Slbcd 10.44bc
aMean of three replicates.
^Means with the same letters are not significantly 
different at P > 0.05 using the LSD test.
Extent of starch damage among varieties within each 
dose level was not significant. There was a decrease from 
0 Krads to 100 Krads and a continuous increase from 100 
Krads to 300 Krads (Figure 3.7). Damaged starch at 300 
Krads was less than that at 0 Krads but was not signifi-
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Figure 3.7. Changes in damaged starch in brown rice on 
gamma-irradiation.
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cantly different. The decrease in damaged starch from MBO 
to MB100 was significant. MB100 and MB300 values were sig­
nificantly different while those of MB100 and MB200, 
and MB200 and MB300 were not. No significant differences 
were noted for samples of Lemont and Tebonnet. Regardless 
of variety, dose affected damaged starch (Table 3.10).
Table 3.10. Hean separation of damaged starch (%) by 
dose.
Grouping Mean3 N Dose level
A 11.06 9 0
A B 10.34 9 300
B C 9.92 9 200
C 9.01 9 100
aMeans in the same letter grouping are not significantly
different at P > 0.05 using the LSD test.
Table 3.11. Mean separation of damaged starch (%) by 
variety.
Grouping Mean3 N Variety
A 10.98 12 Mars
B 9.62 12 Lemont
B 9.87 12 Tebonnet
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Hean separation by variety (Table 3.11) showed that 
Lemont and Tebonnet, long grain varieties, were not 
significantly different. However, these differed sig­
nificantly from Mars, a medium grain variety.
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3.3.4 Effect of Caimna-iirradiation and Variety on Total 
Solids Content in Residual Cooking Liquid.
Total solids content in residual cooking liquid (TSCR) 
refers to the amount of solids that leached from the rice 
sample during cooking expressed as grams per 100 grams 
uncooked rice. Table 3.12 shows results for TSCR deter­
minations in milled and brown rice samples. TSCR values of 
milled rice were greater than nonirradiated brown rice. 
Milled rice values ranged from 3.14 to 4.20 percent while 
nonirradiated brown rice ranged from 2.41 to 2.61 percent. 
Within each dose level TSCR values did not significantly 
differ except at 300 Krads where Lemont variety was sig­
nificantly lower than Mars.
Table 3.12. Total solids content in residual cooking
liquid of milled and irradiated brown rice.
Variety
Total solids content (%)a
Milled
rice
Dose level (Krads)D-
0 100 200 300
Mars 3.14 2.61ef 2.73def 4.05c 4.95a
Lemont 3.93 2.47ef 2.85de 4.10c 4.19bc
Tebonnet 4.20 2.41f 3.19d 4.09c 4.60ab
?Mean of three replicates.
"Means with the same letters are not significantly 
different at P > 0.05 using the LSD test.
Analysis of variance showed significant effects of 
dose but not of variety and, variety and dose interactions.
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Figure 3.8. Changes in total solids content of residual
cooking liquid of gamma-irradiated brown rice.
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For all varieties, TSCR values increased with increasing 
dose levels (Figure 3.8). Values for Hars ranged from 2.61 
to 4.95 percent, for Lemont 2.47 to 4.19 percent and 2.41 
to 4.60 percent for Tebonnet.
Mean separation by dose is shown in Table 3.13. 
Results showed an increasing trend in TSRC with increasing 
dose regardless of variety.
Table 3.13. Mean separation 
(g/100 g sample) 
by dose.
for
of
total solids content 
residual cooking liquid
Grouping Mean3 N Dose level (Krads)
A 2.50 9 0
D 2.92 9 100
C 4.08 9 200
D 4.58 9 300
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
3.3.5 Amvlose Content of Milled and Irradiated Brown Rice.
Analysis of variance results showed significant 
effects of variety, dose and variety and dose interactions. 
Amylose content of milled rice and brown rice samples are 
given in Table 3.14. Higher amylose content was obtained 
for milled rice than for brown rice.
Mean separation by dose is shown in Table 3.15. 
Results indicated that the 100 Krad samples were sig­
nificantly different from samples irradiated at higher 
doses. Samples irradiated at higher doses were not sig-
Table 3.14. Amylose content of milled and irradiated brown 
rice.
Amylose content (%)a
Milled
Dose level (Krads)D
Variety rice 0 100 200 300
Mars 24.84 22.26c 21.56c 21.24c 22.24c
Lemont 35.38 30.01a 27.81b 30.03a 30.06a
Tebonnet 32.86 27.76b 29.40ab 31.17a 30.51a
aMean of three replicates.
^Means with the same letter are not significantly different 
at P > 0.05 using the LSD test.
Table 3.15. Mean separation for amylose content (%) 
by dose.
Grouping Mean N Dose (Krads)
A 27.60 9 300
A 27.48 9 200
A B 26.68 9 0
B 26.26 9 100
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Table 3.16. Mean separation for amylose content (%) 
by variety.
Grouping Mean3 N Variety
A 21.83 12 Mars
B 29.48 12 Lemont
B 29.71 12 Tebonnet
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
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nificantly different from each other and nonirradiated 
samples.
Hean separation by variety showed that Lemont and 
Tebonnet differed significantly from Mars (Table 3.16) but 
did not differ significantly from each other. Amylose 
content of Tebonnet and Lemont brown rice ranged from 27.76 
to 31.17 percent while Mars ranged from 21.24 to 22.26 
percent.
3.3.6 Moisture Content.
Moisture content of brown rice did not change upon 
irradiation (Table 3.17). All varieties had moisture 
contents of about 13 percent. Milled rice samples for Mars 
had a moisture content of 13.26% while Lemont and Tebonnet, 
12.86 and 12.75, respectively.
Table 3.17. Moisture content of milled and irradiated 
brown rice.
Variety
Moisture content (%)a
Milled
rice
Dose level (Krads)
0 100 200 300
Mars 13.26 13.61 13.25 13.23 13.40
Lemont 12.86 13.51 13.13 13.14 13.00
Tebonnet 12.75 13.46 13.51 13.41 13.27
aMean of four determinations.
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3.3.7 Correlation of Some Physicochemical Characteristics.
Correlation analysis showed cooking time was sig­
nificantly correlated to water uptake at 80°C, water uptake 
ratio and amylose content. These correlations are shown 
in Table 3.18. Cooking time was shown to be highly
correlated negatively with W80 and WR . Apparent water 
uptake at 96°C was not significantly correlated.
Table 3.18. Correlation of brown rice cooking time with 
water uptake and amylose content (n = 12).
Characteristic Cooking time
Apparent water uptake at 80°C -0.92**
Apparent water uptake at 96°C 0.49ns
Water uptake ratio -0.92**
Amylose content 0.82**
**Highly significant at P < 0.01. 
ns - not significant at P > 0.05.
Table 3.19. Correlation of amylose content to water 
uptake (n = 12).
Water uptake Amylose content
Water uptake ratio -0.92**
Apparent water uptake at 80°C -0.93**
Apparent water uptake at 96°C 0.43ns
**highly significant at P < 0.01. 
ns not significant at P > 0.05.
Amylose content was negatively correlated to W88 and WR 
(Table 3.19). These correlations were highly significant. 
Amylose was not correlated to W96.
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3.3.8 Amylographv.
Among the irradiated samples there was a decreasing 
trend in peak viscosities, final viscosities (viscosities 
at the end of a 15 minute holding period at 95°C) and vis­
cosities at 50°C as irradiation dose levels increased 
(Figures 3.9a - 3.9c), resulting in a downward trend in 
setback, breakdown and consistency values. Generally, 
gelatinization temperatures decreased from that of 0 Krads 
sample to 200 Krad samples after which there was an 
increase in the 300 Krad samples. Gelatinization tempera­
tures for LB200 and LB300 were the same but were lower than 
LB0 and LB100 which exhibited the same temperatures. Peak 
viscosity decreased with increasing dose levels.
Results obtained from amylograms of milled and 
irradiated brown rice are shown in Table 3.20. Peak vis­
cosities, final viscosities and viscosities at 50°C were 
higher for milled rice than for brown rice samples. 
Setback values for milled rice were lower than those of 
nonirradiated brown rice. Consistency values for milled 
rice were higher than brown rice samples.
3.3.9 Color.
Analysis of variance results for color indicated L and 
fe values were significantly affected by dose and variety 
while a and A e values were significantly affected by
V
IS
C
O
SI
T
Y
 
(B
R
A
BE
N
D
ER
 
U
N
IT
S)
71
A Hilled rice 
A 0 Krads 
Q 100 Krads 
| 200 Krads 
0  300 Krads
ft
40 50 60 70
TIME (M INUTES)
Figure 3.9a. Changes in viscosity of gamma-irradiated
brown rice - Mars variety.
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Figure 3.9b. Changes in viscosity of gamma-irradiated
brown rice - Lemont variety.
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Figure 3.9c. Changes in viscosity of gamma-irradiated
brown rice - Tebonnet variey.
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Table 3.20. Pasting properties of milled and irradiated 
brown rice.
Gel. Gel. Peak Peak Peak Final
Time Temp Time Temp Viscosity Viscosity
Sample (min) (°C) (min) (°C) (BU) (BU)
MM 27.5 71.25 43.5 95.00 730 375
MBO 28.5 72.75 42.5 93.75 495 270
MB100 28.5 72.75 43.0 94.50 480 260
MB200 27.5 71.25 41.5 92.25 270 115
MB300 29.0 73.50 41.0 91.50 180 70
LM 31.0 76.50 43.0 94.50 600 335
LBO 31.5 77.25 42.0 93.00 440 280
LB100 31.5 77.25 42.5 93.75 400 210
LB200 31.0 76.50 41.5 92.25 240 90
LB300 31.0 76.50 41.0 91.50 210 70
TM 30.0 75.00 43.5 95.00 580 355
TBO 32.0 78.00 43.0 94.50 320 215
TB100 31.5 77.25 43.0 94.50 325 170
TB200 31.5 77.25 41.5 92.25 190 75
TB300 32.0 78.00 41.5 92.25 175 65
75
Table 3.20. Continued.
Viscosity
at 50C Setback Breakdown Consistency
Sample (BU) (BU) (BU) (BU)
MM 655 -75 355 280
MBO 535 40 225 265
MB100 495 15 220 235
MB200 295 25 155 180
MB300 200 20 110 130
LM 720 120 265 385
LBO 650 210 160 370
LB100 495 95 190 285
LB200 280 40 150 190
LB300 225 15 140 155
TM 760 180 225 405
TBO 510 190 105 295
TB100 445 120 155 275
TB200 255 65 115 180
TB300 220 45 115 155
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Table 3.21. Color values for irradiated brown rice.
Color values3 
Dose level ________________________
Variety (Krads) L a b AE
Mars 0 56.57bcd 2 .10h 16.17g 22.83bc
100 56.22de 2.12gh 16.06g 23.26b
200 56.12d 2.10h 16.41f 23.28b
300 55.29e 2,18g 16.37f 24.17a
Lemont 0 57.64a 2.38f 16.60e 21.93de
100 56.91bc 2.46e 16.44f 22.69c
200 57.01b 2.54d 17.02d 22.49c
300 57.04b 2.45e 17.lid 22.41cd
Tebonnet 0 56.47cd 3.25a 17.58c 23.04b
100 57.79a 3.12b 17.95b 21.67e
200 56.58bcd 3.15b 17.95b 22.77bc
300 57.50a 3.03c 18.08a 21.81e
aMeans in the same column with the same letter are not 
significantly different at P > 0.05.
variety only. Significant variety and dose interactions 
were observed for all color values.
Color values for brown rice are given in Table 3.21. 
Changes in total color difference with dose showed no 
definite trend for the three varieties (Figure 3.10). Mars 
exhibited an increase in A e with dose although the dif­
ferences between MBO, MB100 and MB200 were not significant, 
while for MB300 was significantly different. Total color 
difference scores for irradiated Lemont samples were higher 
than nonirradiated ones. There was a slight decreasing 
trend among the irradiated samples with increasing dose but 
LB300 was not significantly different from the nonir­
radiated sample. No specific trend was observed for
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Figure 3.10. Effect of gamma-irradiation on total color
difference of brown rice.
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Tebonnet, but scores for irradiated samples were lower than 
the nonirradiated sample. TBO samples were significantly 
different from TB100 and TB300 but not from TB200. Mean 
separation showed that A e values for Mars were sig­
nificantly different from those for Lemont and Tebonnet 
whose values were not significantly different from each 
other.
Effects of dose on L values indicated that 0 Krad and 
100 Krad samples were not significantly different nor were 
the 200 Krad and 300 Krad samples. The 0 Krad and 300 Krad 
samples did not differ significantly but the 100 Krad and 
200 Krad samples differed significantly.
Mean separation showed that L values for Lemont and 
Tebonnet were not significantly different from each other 
but both were significantly different from Mars. L values 
for Mars decreased with increasing dose levels. However, 
the decrease from that at 0 Krads to 200 Krads was not 
significant but that from 200 Krads to 300 Krads was sig­
nificant (Figure 3.11). A similar trend was observed for 
Lemont. Nonirradiated samples were significantly different 
from irradiated samples. The irradiated samples were not 
significantly different from each other, but a slight 
increasing trend was noted. Tebonnet did not show a 
definite trend.
Mean separation for a values by dose indicated 
significant differences between the 200 and 300 Krad
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Figure 3.11. L values of gairuna-irradiated brown rice.
samples but nonsignificant differences between 200 and 0 
Krads, 0 and 100 Krads, and 100 and 300 Krads. Significant 
varietal differences were noted for a values. Measurements 
of a values were highest for Tebonnet followed by Lemont 
and Mars (Figure 3.12). The a value for MB300 was sig­
nificantly higher than those of MBO and MB200 but was not 
significantly higher than MB100. Nonirradiated samples of 
Lemont had significantly lower a values than irradiated 
samples. Samples irradiated at 200 Krads had significantly 
higher values than 100 and 300 Krad values, which were not 
significantly different from each other.
An overall increasing trend was observed for b values 
(Figure 3.13). However, samples irradiated at 100 Krads 
did not differ significantly from nonirradiated samples and 
those irradiated at 200 and 300 Krads also did not differ 
significantly from each other but differed significantly 
from samples of lower doses. There was a slight decrease 
from 0 Krads to 100 Krads which was not significant for 
Mars but significant for Lemont. Samples of these two 
varieties irradiated at higher doses had significantly 
higher b values. Values for Tebonnet increased with 
increasing dose levels. Significant differences in b 
values were observed between nonirradiated and irradiated 
samples. The value for 300 Krad samples was significantly 
higher than all other samples. Mean separation showed 
significant differences among varieties in b values.
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Figure 3.12. a values for gamma-irradiated brown rice.
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Figure 3.13. b values of gamma-irradiated brown rice.
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3.4 DISCUSSION
3.4.1 Effect of Garmna—iT-radiatioTi and Variety on 
Cooking Time.
The decrease in cooking tine with increasing irradia­
tion doses are in agreenent with those observed by other 
workers (Isnail et al. 1978; El Saadany et al. 1979). 
Dose levels used by Ismail et al. (1978) ranged from 10 to 
1000 Krads and cooking time of brown rice was reduced from 
26 minutes of the control to 22 minutes at 100 Krads. 
Higher doses had the same cooking times as rice exposed to 
100 Krads. El Saadany et al. (1979) reported cooking time 
in terms of constant shear press values. Cooking time was 
observed to be 27 minutes, however, no description was 
given as to whether milled or brown rice was used. The two 
reports mentioned do not give a description of the method 
of cooking. Observations made in this study gave longer 
cooking times, which range from 29.5 to 41.0 minutes. 
Differences in varieties and cooking methods may account 
for differences from literature reported values. Rao and 
Vakil (1985) reported that cooking time of legumes was 
reduced by 50% on irradiation of as high as 1000 Krads.
The decrease in cooking time of rice may be explained 
by the effects of irradiation on starch. Polysaccharides, 
when irradiated in either the solid state or in solution 
undergo molecular degradation (Colonna et al. 1987;
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Urbain, 1986; Whistler and Ingle, 1965). Breakage of 
glycosidic bonds occur, resulting in the formation of 
dextrins of varying lengths. Formation of other radiolytic 
products such as monosaccharides and oligosaccharides also 
may occur (Ananthaswamy et al. 1970b). Fragmentation may 
lead to the formation of more regions in the rice kernel 
for better water absorption, hence shortening cooking time.
Changes in cooking time may also be related to 
changes in the nature of the proteins in the rice kernel. 
Protein forms the matrix around the starch granule and thus 
serve as a physical barrier to water absorption resulting 
in longer cooking times (Juliano, 1985c). Disruption of 
this physical barrier may have been brought about by 
irradiation to cause a reduction in cooking time. Irradia­
tion can denature native proteins through breaking of 
hydrogen bonds and other linkages involved in secondary and 
tertiary structures (Urbain, 1986). Srinivas et al. (1972) 
observed fragmentation of wheat proteins to low molecular 
weight entities at low radiation doses (20 to 1000 Krads).
The three varieties used exhibited significant dif­
ferences in cooking time. Differences in cooking time of 
different rices are subject to varietal differences espe­
cially if gelatinization temperatures differ (Juliano, 
1985b). In addition, grain dimensions are also taken into 
account when considering cooking times. Bhattacharya and 
Sowhbhagya (1971) stated that water uptake and therefore,
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cooking time is highly influenced by size and shape of 
grain. Observations on water uptake at boiling tempera­
tures have indicated a relationship to grain size and shape 
and not to gelatinization temperatures (Halick and Kelly, 
1959; Batcher et al. 1957 and Juliano et al. 1969).
3.4.2 Effect of Gamma--irradiation and Variety on 
Water Uptake.
Water absorption in brown rice is reduced in com­
parison to milled rice because of wax located presumably in 
the seed coat and pericarp (Juliano, 1985b).
As expected, water uptake values of milled rice were 
higher than brown rice because of the absence of a bran 
layer that hinders water absorption. Water uptake was 
measured at 80°C and 96°C and as the ratio of W8Q/W95. 
According to Bhattarchaya (1979) a single-point test is not 
suitable for varieties of varying size and shape since 
water absorption is strongly influenced by surface area per 
unit weight of sample. Thus the ratio W30/W95, that is, 
the apparent water uptake at 80°C expressed as a fraction 
of that at boiling temperature, was considered. Variations 
in water absorption due to differences in surface area, 
chalkiness, cracked kernels and protein content are 
eliminated.
Apparent water uptake at 80°C and water uptake ratio 
increased with increased irradiation levels. This is in
agreement with the findings of MacArthur and D'Appolonia
(1984) who studied the water-binding capacity of starch 
isolated from wheat at low-dose irradiation (50-300 Krads). 
Similarly, Rao and Vakil (1985) observed an increase in 
water absorption of legumes with increasing irradiation 
levels. Observations on water uptake may be attributed to 
fragmentation of starch as well as protein denaturation and 
also fragmentation which may result in more binding sites 
for water due to increase in available surface area. El 
Saadany et al. (1979) reported an opposite trend for water 
uptake of rice at 80°C and attributed this observation to 
fragmentation of rice starch rendering it more soluble in 
water and less able to bind water.
Increase in water absorption with irradiation is 
indicative of a structural change in the starch granule. 
In a model for starch hydration described by Multon et al.
(1980), interchain bonds are too strong and steric factors 
limit the accessibility of water to crystalline zones. 
Thus, in the intact granule only the amorphous regions are 
readily hydrated. However, upon disruption of the crystal­
line regions, water absorption is no longer limited, 
allowing hydrogen bonding between water and exposed 
hydroxyl groups on starch molecules. Disruption of the 
starch granule, as mentioned above, may be brought about by 
irradiation. Another possible mechanism by which water 
retention takes place was described by Evers and Stevens
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(1985). Water may be retained in the form of interstitial 
water when the starch granule structure has undergone a 
major change as a result of damage or gelatinization.
Water uptake at 96°C generally decreased with 
increase in dose level. This finding agrees with values 
reported by Ismail et al. (1978) and El Saadany et al. 
(1979). Ismail et al. (1978) did not indicate the method 
used and more specifically the temperature. However, upon 
examination of reported values it was assumed that their 
measurements were made at temperatures above 80°C. The 
general trend for W96 is the reverse of that for W80. El 
Saadany et al. (1979) explains that the decrease in water 
absorption of irradiated samples is due to the molecular 
breakdown and depolymerization of starch molecules leading 
to formation of smaller fragments and low molecular weight 
fractions which cannot bind water for swelling because they 
are more soluble in water.
Rice bran contains 9.5 - 16.9 percent hemicelluloses 
and 5.9 - 9.0 percent cellulose (Juliano, 1985b). Arabino- 
galactans (Shibuya et al. 1985) and proteoglycans have been 
prepared from rice bran. Modifications of these poly­
saccharides in the bran layer may occur to allow greater 
water uptake of irradiated rice. Adam (1983) stated that 
gamma-irradiation resulted in the degradation of cellulose. 
However, irradiation was conducted at high doses and under 
vacuum. It was suggested that the molecular weights of the
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microcyrstalline cellulose is related to the different 
microstructures of the polysaccharides. Increasing low 
doses and humid conditions, increased scission yields of 
Eucalyptus reanans cellulose.
Significant differences in water uptake for Mars, 
Lemont and Tebonnet may be attributed to varietal differen­
ces. Bhattacharya and Sowbhagya (1971) showed that dif­
ferent varieties varied widely in apparent water uptake on 
cooking for a given period. Time constants for water 
uptake reported by Metcalf and Lund (1985) indicated 
similar observations. Halick and Keneaster (1956), Batcher 
et al. (1956), Hogan and Planck (1958), and Halick and 
Kelly (1959) reported that water uptake did not differ 
within a grain type but differed from one type to another. 
Thus, long grain varieties are expected to absorb water to 
the same extent. Although, Tebonnet and Lemont, which are 
both long grain varieties differed significantly in W80 
and WR , values were not very far apart. Values for Mars 
were much higher than that of these long grain varieties. 
Medium grain varieties absorb more water than long grain 
varieties (Hogan and Planck, 1958).
3.4.3 Effect of fiammn-in-adiation and Variety on Starch 
D a m a g e .
The method used in damaged starch analysis determines 
the percentage of starch granules in flour or starch
preparations susceptible to hydrolysis by alpha-amylase. 
Results of damaged starch showed a decrease from the non­
irradiated sample to the 100 Krad sample after which an 
increase was observed as dose levels increased to 300 
Krads. The increasing trend from 100 Krads is in agreement 
with the findings of MacArthur and D'Appolonia (1984) on 
low dose irradiated wheat starch. This would also indicate 
an increase in susceptibility of starch to amylase action 
at higher dose levels. Ananthaswamy et al. (1970a, 1970b) 
reported increased "maltose values' in irradiated wheat and 
attributed this to the degradation of starch to oligosac­
charide units which are more susceptible to enzyme action, 
resulting in the liberation of more reducing sugars. 
Similar observations were also made by Lee (1959). The 
decrease observed from 0 Krads to 100 Krads may be at­
tributed to a decrease in digestibility of starch by alpha- 
amylase. Kume and Tamura (1987) reported an appreciable 
decrease in digestibility of raw tapioca starch by gluco- 
amylase upon irradiation.
Other possible explanations may involve reactions of 
ions and radicals formed from starch irradiation described 
by Colonna et al. (1987). Direct combination or recombina­
tion following intermolecular rearrangement through 
glycosidic bond cleavage may occur. Whistler and Ingle 
(1965) have also mentioned possible development of cross­
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linking upon irradiation. These reactions may therefore, 
result in products resistant to alpha-amylase action.
Because of lower starch damage in the 100 Krads 
samples, the increasing trend observed as dose levels from 
100 Krads increased may not be attributed to mechanical 
damage during the milling operation but to effects of 
irradiation on the starch granule itself.
Results for Lemont and Tebonnet, long grain varieties, 
did not show any significant differences. These, however, 
were significantly different from Mars, a medium grain 
variety. Susceptibility of rice starch to damage by 
irradiation may be by grain type and not by variety.
Higher values obtained for brown rice relative to 
milled rice may be due to action of endogeneous alpha- 
amylase. Removal of the bran layer may have reduced alpha- 
amylase content in milled rice because the enyzme is con­
centrated in the bran fraction (Juliano, 1985c). Alpha- 
amylase activity in milled rice is low (Desikachar and 
Subrahmanyan, 1960) and decreases from the outer layers to 
the inner portion of the kernel (Lorenz et al. 1978; 
Barber, 1972).
3.4.4 Effects of Gamma-irradiation and Variety on Total 
Solids Content of Residual Cooking Water.
The amount of solids leached upon cooking increased 
with increased dose levels indicating the break up of the
rice grain structure. Break up of the rice grain structure 
would allow the release of components such as starch and 
proteins. Similarly, Roushdi et al. (1983) noted an
increase in the solubility of starch in corn with increased 
irradiation dose. These observations were attributed to 
either degradation and/or modification of the amylose and 
amylopectin structure. Regardless of dose, the amount of 
solids in cook water did not significantly vary with 
variety with the exception of Mars at 300 Krads. Irradia­
tion may have affected release of solids to the same 
extent for each variety within each dose level. Variety 
also did not affect the amount released in nonirradiated 
samples. Findings by other workers (Batcher et al. 1956; 
1957; Halick and Keneaster, 1956; and Priestley, 1977) on 
milled rice indicated that solids in residual liquid is 
affected by variety because of differences in amylose 
content. Batcher et al. (1956) reported that the amount of 
starch in the residual liquid seemed to be independent of 
grain type.
More solids leached from milled rice samples than from 
nonirradiated brown rice and those irradiated at 100 Krads 
because of the absence of a bran layer. Values obtained 
for milled rice fell within the range (2.16 - 5.9 g/100 g 
raw rice) of total solids in residual cooking liquid 
reported by Rao et al. (1972). similarly, values for brown
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rice samples fell within this range. Higher values ranging 
from 9 - 1 1  g/100 g were reported by Batcher et al. (1956).
3.4.5 Effect of Gamma-irradiation and Variety on 
Amylose Content.
Amylose content was not greatly affected by irradia­
tion. Values for amylose content at different dose levels 
within a variety did not vary greatly, although significant 
differences at P < 0.05 were found for Lemont at 100 Krads 
and Tebonnet at 0 and 100 Krads. However, an increasing 
trend was observed as irradiation dose increased. Studies 
by Roushdi et al. (1983) showed that in isolated cornstarch 
the percentage amylose increased concomitant with a 
decrease in amylopectin as irradiation dose was increased 
up to 2 Mrads. This observation was partially attributed 
to breakdown of the branched system of amylopectin and some 
inter 1,4 glucosidic linkage, leading to an increase in the 
percentage of straight chain amylose with a decrease in 
amylopectin. Rayas et al. (1988) reported that the 
molecular weights of amylose and amylopectin in starch from 
Phaseolus vulgaris were affected by radiation doses of 2.5 
to 20 kGy.
Amylose content of milled rice was higher than brown 
rice because of concentration due to removal of bran. 
Values for Mars and Lemont milled rice were higher than 
those reported by Metcalf and Lund (1985). According to
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Juliano (1985b) amylose content may vary by as much as six 
percentage points within a variety. Values obtained were 
also higher than those reported by Bean et al. (1984) for 
medium and long grain varieties.
The amylose content of Mars, which was 24.84%, may be 
classified as intermediate (20-25%) while that of Lemont 
and Tebonnet, 35.38 and 32.86 respectively, as high (>25%) 
(Juliano, 1979). Long grain varieties had significantly 
higher amylose contents. Williams et al. (1958) observed a 
consistent variation of amylose content with grain type, 
long grain varieties had higher amylose contents.
3.4.6 Changes in Moisture Content.
Moisture content of rice samples was not affected by 
irradiation. Nonirradiated and irradiated samples did not 
vary in moisture content, which was about 13%.
3.4.7 Correlation of Some Physicochemical Characteristics. 
Correlation analysis showed that cooking time was
negatively correlated to WgQ and WR . Samples that showed 
shorter cooking time had the tendency to absorb more water. 
Bhattacharya and Sowbhagya (1971) noted that water uptake 
at 20 minutes cooking time was inversely related to the 
optimal cooking time with a correlation coefficient of 
- 0.843*** (n=20).
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Amylose content was highly positively correlated to 
cooking time, indicating that samples with high amylose 
content have longer cooking times. Juliano and Perez 
(1983), however, reported a very poor correlation between 
these two factors.
The highly significant negative correlation between 
amylose and water uptake is in agreement with results 
obtained by other workers. Rice with low amylose contents 
(13-15%) generally had higher water uptake than those with 
higher amylose contents (19-22%) (Hogan and Planck, 1958). 
Metcalf and Lund (1985) observed that water uptake was 
inversely related to amylose content in 3 rice varieties. 
However, Juliano (1979, 1985c) stated that there is a
direct relationship between these two factors and that 
higher amylose content improved the capacity to absorb 
water and expand in volume without collapsing.
3.4.8 Effects of Gaimna-iT-radiation on Pasting Properties.
Results obtained for amylography are consistent with 
those reported by MacArthur and D'Appolonia (1983? 1984) 
for irradiated wheat starch and flour; and Raffi et al. 
(1981b) for some cereal, root and legume starch. Ismail et 
al. (1978) and El Saadany et al. (1979) also reported 
decreased peak viscosities of rice starch with increasing 
dose levels.
Gelatinization temperature showed a general decrease 
as irradiation dose levels increased up to 200 Krads after 
which there was an increase at 300 Krads, specifically for 
Mars and Tebonnet. El Saadany et al. (1979) also reported 
a decreasing trend for gelatinization temperature. The 
trend observed in this study indicates diminished starch 
swelling caused by released rice components. Lorenz (1976) 
and Ohashi et al. (1980) reported higher gelatinization 
temperatures for nondefatted rice flour. Juliano and Perez 
(198 3) reported a direct relationship between final 
gelatinization temperature and protein content. Observed 
gelatinization temperatures may not be attributed to 
amylose content since they have not correlated (Juliano et 
al. 1964b; and Reyes et al. 1965).
Higher gelatinization temperatures indicate longer 
cooking times (Juliano, 1985b). Results for irradiated 
samples up to 200 Krads showed a direct relationship 
whereas an inverse relation ship was noted at 300 Krads.
Peak viscosities, as seen from amylograms, decreased 
as dose levels increased. One factor that plays a role in 
the development of viscosity when a starch suspension is 
heated is particle size (Juliano et al. 1985). The 
observed changes in peak viscosities on irradiation may be 
attributed to starch depolymerization in the rice grain. 
MacArthur and D'Appolonia (1983) cited that reduced 
viscosity in irradiated starches was due to degradation and
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uncoiling of starch chains as well as breaking of hydrogen 
bonding within the molecule.
Viscosity develops when starch granules swell because 
of water imbibition, which causes resistance to flow. 
Miller et al. (1973) observed that a relatively large 
amount of exudate is released when starch granules swell as 
temperatures approach 90°C. Increase in viscosity on 
heating has also been attributed to release of the exudate. 
Examination of the exudate showed formation of a network of 
very dense interlaced and interconnected fibers. Scanning 
electron microscopy showed that solubilized exudate 
interconnects individual granules to form the network (Lee 
and Osman, 1988). Pasting characteristics of irradiated 
rice samples would indicate that the starch structure has 
been altered. Because of starch fragmentation it may be 
difficult to form the dense interlaced and interconnecting 
structure of the exudate resulting in decreased viscosity 
of the paste.
Peak temperatures decreased as irradiation dose 
increased. Again, this supports the possibility of starch 
fragmentation. Because of irradiation, small size starch 
granules readily imbibe water and swell faster, shortening 
peak times and lowering peak temperatures.
Highly swollen granules readily break resulting in a 
decrease in viscosity. The drop in viscosity from a 
maximum value to that obtained after holding for 15 minutes
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at 95°C (final viscosity) indicates the ease by which 
swollen granules can be disintegrated during cooking 
(Leach, 1965; Bhattacharya and Sowbhagya, 1979). Breakdown 
values generally decreased as irradiation dose levels 
increased indicating smaller starch granule size.
Setback values measure the tendency of elements 
(swollen granules, granule fragments, colloidally and 
molecularly dispersed starch molecules) in hot pastes to 
associate with each other or retrograde (Leach, 1965; 
Rasper, 1980). Helix reformation accelerates retrograda- 
tion of the starch paste (Ohashi et al. 1980). In general, 
setback values decreased with increasing dose levels. 
Irradiation diminishes the tendency of starch to retrograde 
because of starch chain break up resulting in the inability 
to produce longer helical structures and association 
between starch molecules.
Juliano et al. (1964b) stated that the viscosity of 
cooked rice pastes at 50°C is positively correlated to 
amylose content. The viscosity exhibited by the paste on 
cooling to 50°C indicates the stability of the paste in a 
form in which it will most likely be used (Rasper, 1980) . 
Starch pastes from irradiated rice flour would have low 
consistency and form soft gels as indicated by decreasing 
consistency values as irradiation dose is increased.
Other factors may play a role in the pasting proper­
ties exhibited. With opening up or alteration of the rice
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kernel structure, other components, such as proteins and 
lipids, may be released upon heating the rice slurry. 
Increased protein solubility has been suggested to affect 
the rheological properties of irradiated rice (Ismail et 
al. 1978). Occurrence of peak viscosities at lower 
temperatures have been attributed to nonstarch constituents 
like protein, which may serve as a barrier to swelling of 
starch granules (Juliano et al. 1964b; Horuichi, 1967; 
Juliano and Pascual, 1980; Juliano, 1985c). Merca and
Juliano (1981) reported that washing rice flour with cold 
water to remove protein increased amylograph peak vis­
cosities.
Lipid components may also be released upon irradia­
tion. Suppression of amylograph peak viscosities by lipids 
in waxy rice have been reported (Juliano, 1985c). Opposing 
results were reported by Ohashi et al. (1980). However, 
Maningat and Juliano (1980) found that defatting gave no 
consistent effects on peak viscosities.
Hemicelluloses in bran and in the rice kernel would 
also affect pasting characteristics. Suppression of starch 
granule swelling was relieved by degradation of endosperm 
cell walls in milled rice (Shibuya and Iwasaki, 1982). 
Bran hemicellulose lowered amylograph viscosities in long 
and medium grain flours (Mod et al. 1981).
A comparison of the pasting characteristics of milled 
and brown rice showed higher values for milled rice. The
99
presence of other components, such as, hemicelluloses and 
lipids from the bran and protein from the germ contribute 
to the pasting characteristics of brown rice as discussed 
above.
Among the varieties, milled rice from Mars gave the 
highest peak and final viscosity readings followed by 
Lemont and Tebonnet. Lemont showed the highest viscosity 
readings after cooling to 50°C followed by Mars and 
Tebonnet with the lowest readings. Differences in amylose 
content may account for the values obtained. Researchers 
reported variable relationships between amylose content and 
peak viscosity (Juliano, 1985c? Halick and Kelly, 1959; 
Juliano and Pascual, 1980). Juliano (1985c) cited that 
final viscosity at 95°C, viscosity on cooling to 50°C, 
setback and consistency are all positively correlated to 
amylose content. Breakdown is also related with amylose 
content (Juliano et al. 1964b). Lemont and Tebonnet had 
higher amylose content than Mars and gave higher setback 
values indicating greater tendency for retrogradation in 
the long grain varieties. Breakdown was higher for long 
grain varieties than for Mars implying that swollen starch 
granules readily disintegrate in long grain than in short 
grain rice pastes. Taking note of consistency values, 
Lemont and Tebonnet with higher amylose contents would 
exhibit more rigid gels than Mars.
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3.4.9. Color of Irradiated Brown Rice.
Color scores for A e  represent total color difference 
between the standard and the sample. It does not, however
specify the direction of one in relation to the other. The
degree of whiteness or blackness (or value) are represented 
by L values where higher readings indicate more whiteness 
than lower scores. Values of a represent redness or
greenness of a solid and b values represent yellowness or 
blueness.
Total color difference results showed no significant 
effects of irradiation on color. However, significant
effects were observed for variety. The highly significant 
interaction between variety and dose may, therefore, be 
attributed to variety.
Rao et al. (1972) described color of milled rice as 
darker if A e  values were higher than others. Overall, A e 
values for Mars were higher than Lemont and Tebonnet. 
Since at lower dose levels, samples were not significantly 
different and the 300 Krad sample was significantly darker 
(more yellow), higher dose levels only affected the color 
of Mars.
£ values decreased for Mars as dose levels increased 
with the 300 Krad sample being significantly different. 
Higher dose levels cause darkening in Mars. Results for 
Lemont showed that irradiation at 100 Krads darkens the 
sample at 100 Krads and lightens at higher doses. Irradia­
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tion does not seem to have a specific effect on L values of 
Tebonnet.
Results for a values did not show any significant 
effects from irradiation. Varietal differences were sig­
nificant. Values for Tebonnet were higher indicating that 
it exhibited more redness than the other samples.
Significant effects of irradiation were observed for b 
values. Varietal differences were also significant. The 
general trend indicated that increasing irradiation doses 
increased yellowness in rice samples. Roushdi et al.
(1981) observed that isolated starch from stored corn 
grains turned yellowish after irradiation at 750 Krads. In 
addition to dose, degree of yellowness of a brown rice 
sample also depended upon variety.
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3.5. SUMMARY AND CONCLUSIONS
Milled and brown rice were prepared from three 
Louisiana varieties. Effects of gamma-irradiation levels 
of 0, 100, 200 and 300 Krads on brown rice were studied. 
Cooking time was significantly reduced at 200 and 300 Krads 
for Mars and Lemont. Irradiation resulted in increased 
water uptake at 80°C, water uptake ratio and total solids 
content in residual cooking liquid. There was a decrease 
in damaged starch from the 0 krad to the 100 krad samples 
and an increase from 100 Krad to 300 Krad samples. Water 
uptake at 96°C generally decreased with increasing dose 
levels. Pasting properties were greatly affected as
shown by decreased peak viscosities, final viscosities, 
viscosities at 50°c, setback, breakdown and consistency 
values. Gelatinization temperature showed a downward trend 
from 0 Krads to 200 Krads and increased at 300 Krads while 
peak times and peak temperatures decreased with increasing 
irradiation dose.
Amylose content was affected by gamma-irradiation but 
variations were not very great within a variety. Moisture 
content was not affected by irradiation.
Values of total color difference showed that 
irradiation did not significantly affect color, however,
E values for Mars were higher than Lemont and Tebonnet. 
L and b color attributes were affected by dose and variety, 
while a values were affected by variety only.
Various physicochemical characteristics of brown rice 
were affected by dose and variety. Results obtained 
indicated that gamma-irradiation brings about changes in 
physicochemical properties of brown rice which may affect 
its organoleptic as well as rheological and functional 
properties. These changes may lead to applications of 
irradiated rice not only as whole grain material but also 
for other product development purposes.
CHAPTER IV
CHANGES IN SOME CHEMICAL AND PHYSICAL PROPERTIES OF 
BROWN RICE AS INFLUENCED BY GAMMA-IRRADIATION, 
VARIETY AND STORAGE
4.1. INTRODUCTION
Gamma-irradiation has been employed in the treatment 
of food products because of its highly penetrating electro­
magnetic radiations of short wavelengths. The changes 
brought about by the treatment has been attributed to the 
ability of gamma rays to break chemical bonds in organic 
molecules in food, to form ions and to excite molecules 
resulting in cleavage to smaller neutral fragments. 
Several studies have been conducted on the effects of 
gamma-irradiation on major components in cereal grains. 
Changes in starch (Ananthaswamy et al. 1970a; 1970b; Raffi 
et al. 1981b; Roushdi et al. 1981; MacArthur and D'Ap- 
polonia, 1984) and proteins (Srinivas et al. 1972) in 
cereal grains brought about by gamma-irradiation have been 
reported. Induced degradation of cellulose (Adam, 1983) 
and increased amounts of pentosans in wheat (Lorenz, 1975) 
by gamma-irradiation treatment have been cited.
This study is the second part of a project on the 
irradiation of brown rice from Louisiana varieties. In 
this phase, investigations into the effects of gamma- 
irradiation on some physicochemical properties were
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conducted to gather evidence on the nature of changes in 
rice grain structure and some of its components. The 
objectives of this study were to determine the effects of 
gamma-irradiation in brown rice that indicate starch 
granule arid composition modification that would bring about 
increased hydrophilic characteristics; bran layer structure 
modification that would result result in increased water 
permeability and less resistance to expansion; and changes 
color. The effects of variety and storage on these 
physicochemical properties were also determined.
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4.2. MATERIALS AND METHODS
Rough rice samples of medium grain (var. Mars) and 
long grain (var. Lemont and Tebonnet) varieties from the 
1986 harvest were obtained from the Rice Research Station 
in Crowley, Louisiana. Milled and brown rice samples were 
prepared at the Rice Processing Laboratory, Department of 
Agricultural Engineering, LSU. Brown rice samples were 
irradiated at 100 and 200 Krads using a Cobalt-60 source at 
the Nuclear Science Center, LSU. Irradiation levels were 
chosen on the basis of previous studies that showed doses 
below 100 Krads not effecting any changes in cooking time 
and 200 Krads as being the minimum level that gave a 
significant reduction in cooking time. Milled and non­
irradiated brown rice were used as controls.
Rice samples were stored at ambient temperature and 
humidity conditions for 6 months. Sampling was conducted 
at 0, 3 and 6 months at which times samples were subjected 
to physicochemical analyses.
4.2.1 Preparation of Samples.
Preparation of milled and brown rice was performed in 
a manner similar to that described in Section 3.2.1. A 
Satake Rice Machine No. 18356 (Satake Engineering Company 
Ltd., Tokyo, Hiroshima) was used to shell rough rice to 
produce brown rice.
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Milled rice was prepared by passing 150-gram aliqouts 
of brown rice through a Satake Grain Testing Mill No, 55370 
(Satake Engineering Company, Ltd., Tokyo, Hiroshima). The 
timer was set at 1.5 minutes.
Milled and brown rice were graded by sizing and hand- 
sorting to obtain good whole kernels. Unhulled, broken, 
chalky and discolored kernels were discarded. Samples were 
packed in polyethylene bags.
4.2.2 Experimental Procedure:
The experimental procedure is given in Figure 4.1.
Irradiation of brown rice.
Brown rice samples were irradiated at 100 and 200 
Krads using a Cobalt-60 source at the Nuclear Science 
Center, Louisiana State University, with a dose rate of 
4030 rads/min.
Storage.
Irradiated brown rice along with the milled and 
nonirradiated brown rice controls were stored at ambient 
temperature and humidity conditions. Samples were taken 
out of storage at 0, 3 and 6 months and subjected to
physical and chemical analyses. Rice samples will be 
referred to as indicated in Section 3.2.2.
Physicochemical Analyses.
Controls and irradiated brown rice samples were 
analyzed for selected physicochemical properties. For
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Figure 4.1. Experimental flow diagram.
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analyses which required samples in the flour form, rice was 
ground in a hammer mill to pass through a 60-mesh sieve 
prior to analyses.
Cooking time. The procedure described in section
3.2.2 using an Automatic PEP Precision Cooker was fol­
lowed.
Water uptake. The same procedure on water uptake
described in the previous chapter was followed. Apparent 
water uptake at 80°C and 96°C; and water uptake ratio were 
determined.
Soluble starch in residual liquid. Determination of 
soluble starch in residual liquid was based on methods
described by Batcher et al. (1956); Roberts et al. (1954); 
and Dimopoulos and Muller (1972). One milliliter of iodine 
solution (2 g I2 and 20 g KI) was added to four milliliters 
of the supernatant from water uptake determinations and 
diluted to 100 milliliters. The mixture was allowed to 
stand for 30 minutes and absorbance was read at 600 nm
using a Gilford Response UV-VIS Spectrophotometer.
Standards were prepared using rice starch obtained 
from the Sigma Chemical Company. The procedure described 
by Batcher et al. (1956) was followed.
Amount of starch in residual liquid was expressed as 
mg starch per g sample.
Extractable protein in residual liquid. Protein 
content of the cooking water was determined by the micro­
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biuret method described by Itzhaki and Gill (1964). The 
supernatant from water uptake determinations was centri­
fuged at 2500 rpm for 30 minutes. Bovine serum albumin 
(Sigma chemical Company) was used in the preparation of 
standard protein solutions. Absorbance was read at 310 nm 
using a Gilford Response UV-VIS Spectrophotometer.
Protein content was expressed as mg protein per gram 
sample.
Volume expansion. Volume expansion was determined 
based on the method described by Indudhara Swamy et al. 
(1978). Two grams of rice was weighed and placed in a 
baseless graduated cylinder. Four milliliters of water was 
added and cotton plugs were used to cover the graduated 
cylinders. Initial volume was determined. Rice samples 
were cooked by steaming for 45 minutes after which final 
volume was determined. Volume expansion was calculated as 
the percentage increase in volume.
Amvlose content. The simplified assay method of 
Juliano (1971) was followed. Absorbance was read at 620 nm 
using a Gilford Response UV-VIS Spectrophotometer.
Damaged Starch. The AACC method (1976) was used to 
determine damaged starch. Fungal alpha-amylase was 
obtained from the Sigma Chemical Company.
Moisture content. Moisture content was determined by 
the AACC method (1976). Samples were dried to constant 
weight at 135°C in a Precision Gravity Convection Oven.
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Protein content. Protein content, based on total 
nitrogen, at initial storage was determined by the Tech- 
nicon automated method using a Technicon Autoanalyzer. 
Percent protein was calculated using a conversion factor of 
5.95.
Fat content. Fat content determination was conducted 
using the AACC method (1976). Hexane was used as the 
solvent and extraction was allowed to proceed from 20-22 
hours.
Amyloqraphy. Amylography was conducted using a C.W. 
Brabender Visco/amylo/Graph with a 700 cmg sensitivity 
cartridge. The same procedure described in Section 3.2.2 
was followed.
Scanning electron microscopy. Samples subjected to 
scanning electron microscopy were nonirradiated samples and 
samples treated at 200 Krads.
Brown rice kernels were broken transversely by hand 
with the aid of a razor blade (Evers and Juliano, 1976) and 
the fractured sections were mounted on aluminum stubs using 
double-sided sticky tape. The outer perimeter of the 
sticky tape and aluminum stubs were coated with colloidal 
silver to improve conductivity.
The stubs were dried in a vacuum dessicator for three 
hours and then coated with gold-palladium alloy for a total 
of 15 minutes in a Hummer 4 Sputter Coater.
112
Samples were examined under a Cambridge Stereoscan 150 
Scanning Electron microscope at the Department of Veteri­
nary Anatomy, School of Veterinary Medicine, Louisiana 
State University. Starch structure in the central en­
dosperm was observed in an area midway between the core and 
outer layer of the rice kernel. Electron micrographs were 
also taken of cross-sections of the bran layer.
Color. A Hunterlab Model D25 Color Difference Meter 
was used to measure the color attributes L, a and b. 
Description of measurements made were similar to those 
described in Section 3.2.2.
Statistical Analysis. The statistical design of the 
study was a randomized complete block with a split plot 
arrangement of treatments with dose level and variety as 
main plots and storage as subplot treatments.
Analysis of variance was performed using programs 
included in the Statistical Analysis System Software 
package from the SAS Institute, Inc., Cary, North Carolina. 
The Least Significant Difference test was used to determine 
differences between treatments at a 5% level of sig­
nificance.
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4.3 RESULTS
4.3.1 Effects of Dose. Variety and Storage on 
Cooking Time.
Statistical analysis showed significant effects on 
cooking time of brown rice whereas nonsignificant effects 
were obtained upon storage. Variety and dose interactions 
were not significant. Mean cooking time of milled and ir­
radiated brown rice on storage are given in Table 4.1.
Table 4.1. Mean cooking time of milled and brown rice with 
storage.
Variety
Storage
time
(months)
Milled
rice
Cooking time (minutes)a
Dose level(Krads)D
0 100 200
Mars 0 25.0 41.0defgh 39.0ghij 37.Oij
3 25.5 39.Sfghij 37.0ij 37.Oij
6 27.5 40.Oefghi 36. 5j 36.5j
Lemont 0 33.5 45.Sab 44.Oabcd 42.5bcdef
3 33.0 47.0a 4 3.Obcde 44.5abc
6 36.5 46.5a 44.Oabcd 43.Obcde
Tebonnet 0 31.5 41.0defgh 39.0ghij 38.Shij
3 32.5 42.Ocdefg 40.5efgh 39.0ghij
6 39.5 45.Sab 41.0defgh 40.5efgh
aMean of four determinations.
^Means with the same letter are not significantly different 
at P > 0.05 using the LSD test.
As in the previous study (Section 3.3.1) a general 
downward trend was observed with increasing dose levels for 
all varieties at different storage periods. Irradiated
samples exhibited shorter cooking times than nonirradiated 
samples (Table 4.2). Significant differences were not 
found among irradiated samples.
Table 4.2. Mean separation for cooking time by dose.
Grouping Meana N Dose (Krads)
A 43.1 36 0
B 40.4 36 100
B 39.8 36 200
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Significant varietal differences were observed with 
Mars having the shortest cooking time and Lemont the 
longest (Table 4.3). These results were similar to those 
previously reported in Section 3.3.1.
Table 4.3. Mean separation for cooking time by variety.
Grouping Mean3 N Variety
A 44.4 36 Lemont
B 40.8 36 Tebonnet
C 38.2 36 Mars
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Storage did not show significant effects on cooking 
time of irradiated brown rice (Table 4.4), although there 
was a noticeable increasing trend with increasing length of 
storage at all dose levels for Tebonnet. Mars exhibited a
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Table 4.4. Mean separation for cooking time by storage.
Grouping Mean3 N Storage (Months)
A 41.5 36 6
A 41.1 36 3
A 40.8 36 0
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
decreasing trend at 100 and 200 Krad levels while Lemont 
did not show a definite trend. Graphical representations 
of these trends are shown in Appendix A. la - A.lc. 
Milled rice samples exhibited shorter cooking times than 
brown rice. On storage, cooking time also increased.
4.3.2. Effects of Dose. Variety and Storage on 
Water Uptake.
Statistical analyses indicated that W80 and ffjj were 
significantly influenced by dose, variety, storage, dose 
and storage interactions; and, variety and dose interac­
tions. Wgg was influenced by variety and storage but not 
by dose. Interactions were not significant. Nonirradiated 
samples generally had significantly lower W80 values than 
irradiated brown rice (Table 4.5). W80 values for ir­
radiated samples, however, were not significantly different 
(Table 4.6).
1 1 6
Table 4.5. Mean apparent water uptake at 80°C of milled 
and irradiated brown rice.
Apparent water uptake (%)a
Variety
Storage
time
(months)
Milled
rice
Dose
0
level (Krads)D 
100 200
Mars 0 170.52 50.OOcd 52.56ab 52.72a
3 160.93 49.44d 52.25ab 52.49ab
6 151.92 50.62bcd 53.30a 51.90abc
Lemont 0 85.81 31.92ij 33.Olhi 34.75gh
3 68.50 30.94j 31.80ij 33.21hi
6 68.00 31.80ij 33.12hi 31.92ij
Tebonnet 0 75.22 35.65fg 37.42ef 38.76e
3 55.66 32,30i 35.69f 36.07fg
6 55.32 33.04hi 33.08hi 32.80hi
aMean of four determinations.
^Means with the same letter are not significantly different 
at P > 0.05 using the LSD test.
Table 4.6. Mean separation for apparent water uptake (%) 
at 80°C by dose.
Grouping Meana N Dose
A 40.51 36 200
A 40.25 36 100
B 38.40 36 0
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Mars had significantly higher Wgo values than Lemont 
and Tebonnet. W80 values of these long grain varieties 
were also significantly different, with Tebonnet imbibing 
more water than Lemont (Table 4.7).
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Apparent water uptake at 80°C tended to decrease on 
storage (Appendix A. 2a - A.2c). Mean separations showed an 
insignificant decrease from 3 to 6 months (Table 4.8).
Table 4.7. Mean separation for apparent water uptake (%) 
at 80°C by variety.
Grouping Mean3 N Variety
A 51.70 36 Mars
B 34.97 36 Tebonnet
C 32.50 36 Lemont
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Table 4.8. Mean separation for apparent water uptake (%) 
by storage.
Grouping Mean3 N Storage time (months)
A 40.75 36 0
B 39.35 36 3
B 39.06 36 6
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Milled rice absorbed more water at 80°C than brown 
rice. WgQ values also decreased with storage. Just like 
brown rice samples, Wqq values for Mars were the highest. 
Apparent water uptake of Lemont at 80°c were higher than 
that of Tebonnet.
Water uptake ratios for milled and irradiated brown 
rice are given in Table 4.9. Values for WR increased with
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increasing dose levels. Irradiated samples, however, were
not significantly different (Table 4.10).
Table 4.9. Water uptake ratios of milled and irradiated 
brown rice.
Variety
Storage
time
(months)
Water uptake ratio (%)a
Milled
rice
Dose level (krads)13
0 100 200
Mars 0 60.72 39.21bC 40.61ab 41.58a
3 57.24 35.70e 37.llde 36.96de
6 56.97 37.83cd 39.77b 39.20bc
Lemont 0 26.89 22.llgh 22.04gh 23.97f
3 21.42 19.75jkl 20.56ijk 21.21ghij
6 21.62 20.96ghij 22.38g 21.02ghij
Tebonnet 0 24.42 19.33kl 20.60hijk 21.43ghi
3 16.08 16.88n 18.781m 18.741m
6 16.54 I8.34lmn 17.79mn 18.331mn
aMean of four determinations.
^Means with the same letter are not significantly different 
at P > 0.05.
Table 4.10. Mean separation for water uptake ratio by 
dose.
Grouping Meana M Dose (Krads)
A 26.94 36 200
A 26.62 36 100
B 25.57 36 0
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Varietal differences were highly significant with Mars
having the highest values and Tebonnet the lowest (Table
119
4.11). This trend differs from that observed for Wgo where 
Lemont had lower values than Tebonnet.
Regardless of dose and variety, a decreasing trend in 
WR values was observed (Appendix A. 3a - A.3c). Wr  values 
at each storage period were significantly different (Table
4.12).
Table 4.11. Hean separation for water uptake ratio by 
variety.
Grouping Meana N Variety
A 38.66 36 Hars
B 21.55 36 Lemont
C 18.91 36 Tebonnet
aMeans in the 
different at
same letter grouping are not significantly 
P > 0.05 using the LSD test.
Table 4.12. Hean separation 
storage.
for water uptake ratio by
Grouping Heana N Storage time (months)
A 27.88 36 0
B 26.18 36 3
C 25.08 36 6
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Hilled rice water uptake ratios were higher than brown 
rice. Samples at 0 month storage had higher values than at 
3 and 6 months. At 3 and 6 months, values were not very 
different. Hars gave the highest values and Tebonnet the 
lowest.
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No definite trend was observed for Wgg values with 
increasing dose levels (Table 4.13). No significant 
differences were observed between different dose levels 
(Table 4.14).
Table 4.13. Apparent water uptake at 96°C of milled and 
irradiated brown rice.
Apparent water uptake (%)a
Storage Dose level (Krads)D
time Milled _______________________________
Variety (months) rice 0 100 200
Mars 0 280.83 127.53m 129.411m 126.80m
3 281.18 138.54jk 140.82ij 142.09ij
6 266.78 133.92kl 134.13kl 132.33kl
Lemont 0 319.46 144.35hi 149.56gh 145.32hi
3 320.22 156.66f 154.73fg 156.59f
6 314.73 151.56fg 148.01gh 151.87fg
Tebonnet 0 339.43 184.44cde 181.85de 180.82de
3 346.64 191.28ab 190.07abc 192.40a
6 334.38 180.18e 186.02bcd 178.95e
aMean of four determinations.
^Means with the same letter are not significantly different 
at P > 0.05.
Table 4.14. Mean separation for apparent water uptake (%) 
at 96°C by dose.
Grouping Meana N Dose (Krads)
A 157.18 36 100
A 156.49 36 0
A 156.35 36 200
aMeans in the same letter grouping are not significantly
different at P > 0.05 using the LSD test.
Varietal differences were significantly different for 
Wgg values with Tebonnet having the highest values and Mars 
the lowest (Table 4.15). This trend is opposite that 
observed for Wgo*
Table 4.15. Mean separation for apparent water uptake (%) 
at 96°c by variety.
Grouping Mean N Variety
A 185.11 36 Tebonnet
B 150.96 36 Lemont
C 133.95 36 Mars
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Apparent water uptake at 96°C was significantly 
different for the three storage periods (Table 4.16). 
There was an increase from initial storage to 3 months and 
then a decrease at 6 months for all dose levels and 
varieties.
Table 4.16. Mean separation for apparent water uptake (%) 
at 96°C by storage.
Grouping Mean3 N Storage time (months)
A 162.58 36 3
B 155.22 36 6
C 152.23 36 0
aMeans in the same letter grouping are not significantly
different at P < 0.05 using the LSD test.
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Values for Wgg of milled rice samples were much higher 
than those of brown rice samples. Milled rice from Mars 
and Lemont absorbed about twice as much water than brown 
rice samples; and Tebonnet absorbed about 1.8 times more. 
A similar trend on storage as in brown rice was observed.
4.3.3. Effects of Dose. Variety and Storage on 
Starch in Residual Coolcinq Liquid.
Effects of dose, variety and storage were found to be 
significant. Variety and dose; dose and storage; variety 
and storage; and, variety, dose and storage interactions 
were also significant.
Table 4.17. Mean soluble starch content in residual 
cooking liquid of milled and irradiated 
brown rice.
Soluble starch (mg/g sample)a
Storage Dose level (Krads)0
time Milled
Variety (months) rice 0 100 200
Mars 0 7.0 2.7k 5.1ij 7.7gh
3 11.8 3.5jk 7.6gh 8.0g
6 14.9 3.4jk 5.8hi 8. 2g
Lemont 0 47.6 14.4f 21.9bc 22.7bc
3 35.1 15.2ef 22.3bc 31.2a
6 40.5 16.4de 23.7b 30.00a
Tebonnet 0 41.7 16.4de 21.7c 30.3a
3 32.9 17.7d 23.8b 30.1a
6 52.0 17.3d 23.2bc 30.8a
?Mean of four determinations.
"Means with the same letter are not significantly different
at P > 0.05.
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Mean values for starch in residual cooking liquid are 
given in Table 4.17. As dose levels increased starch in 
residual cooking water increased in all varieties (Appendix 
A.4a - A.4c). In general, about twice as much starch was 
found in the cooking water of 200 Krad samples as that in 0 
Krad samples (Table 4.18). Significant differences were 
noted between each dose level.
Table 4.18. Mean separation of soluble starch
(mg/g sample) in residual cooking liquid by 
dose.
Grouping Meana N Dose (Krads)
A 22.1 36 200
B 17.2 36 100
C 11.9 36 0
aMeans in the 
different at
same letter grouping are not significantly 
P > 0.05 using the LSD test.
Table 4.19. Mean separation for soluble starch
(mg/g sample) in residual cooking liquid by
variety.
Grouping Meana N Variety
A 23.5 36 Tebonnet
B 22.0 36 Lemont
C 5.8 36 Mars
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Amounts of starch in residual liquid were higher for 
the long grain varieties than for Mars (Table 4.19).
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Lemont and Tebonnet released about four times as much
starch as Mars.
Soluble starch in residual liquids at 0 month storage 
were significantly lower than that at 3 and 6 months 
storage (Table 4.20). A decrease from 3 to 6 months was 
noted but this was not significant.
Table 4.20. Mean separation for soluble starch
(mg/g sample) in residual cooking liquid 
by storage.
Grouping Mean3 N Storage time (months)
A 17.7 36 3
A 17.6 36 6
B 15.9 36 0
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Residual liquid of milled rice samples contained more 
starch than brown rice samples. On the average four times 
more starch was noted in cooking liquids of long grain 
varieties than in medium grain. This was similar to that 
obtained for brown rice. On storage, amount of starch 
released increased for Mars. Long grain varieties showed a 
decrease at 3 months storage and an increase at 6 months.
4.3.4. Effects of Dose. Variety and Storage on 
Extractable Protein.
Significant effects of dose, variety and storage were 
observed for extractable protein. Interactions of variety
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and dose, as well as variety and storage were significant.
Mean values for individual samples are given in Table 4.21.
Table 4.21. Mean extractable protein content of milled and 
irradiated brown rice.
Variety
Storage
time
(months)
Extractable protein (mg/g sample)a
Milled
rice
Dose level (Krads)0
0 100 200
Mars 0 5.4 - . 2p 4.3lmnop 8.7defg
3 5.8 3.4 op 4.Omnop 8.7defg
6 5.8 4.9klmn 5.3jklm 9.8bcde
Lemont 0 10.3 4.7klmno 7.3ghi 8.3fg
3 10.9 6.1ijk 8.1fg 10.2bc
6 9.0 5.8jk 7.6fgh 9.9bcd
Tebonnet 0 10.0 3.5nop 6.5hij 10.6ab
3 10.3 3.4 op 8.5efg 10.4ab
6 9.6 5.5jkl 8.8cedf 11.6a
?Mean of four determinations.
“Means with the same letter are not significantly different 
at P > 0.05.
Table 4.22. Mean separation for extractable protein 
(mg/g sample) by dose.
Grouping Meana N Dose (Krads)
A 9.8 36 200
B 6.7 36 100
C 4.5 36 0
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
A pronounced increase in extractable protein with 
increasing dose levels was observed (Appendix A.5a - A.5c). 
Mean separation (Table 4.22) indicated that more than twice
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as much protein was found in 200 Krad samples as in 0 Krad 
samples.
Significant differences among varieties were due to 
Mars being significantly different from the long grain 
varieties. Lemont and Tebonnet were not significantly 
different from each other (Table 4.23).
Table 4.23. Mean separation by variety for extractable 
protein (mg/g sample).
Grouping Mean3 N Variety
A 7.6 36 Tebonnet
A 7.6 36 Lemont
B 5.8 36 Mars
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Table 4.24. Mean separation by storage for extractable 
protein (mg/g sample).
Grouping Mean3 N Storage time (months)
A 7.7 36 6
B 7.0 36 3
C 6.4 36 0
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Regardless of dose and variety, extractable protein 
increased with storage (Table 4.24). Examination of 
individual values showed that this trend was true for all 
dose levels of Mars and of irradiated samples of Tebonnet. 
Lemont showed an increase from 0 to 3 months and a decrease
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from 3 to 6 months. These changes were not significant for 
LBO and LB100 but were significant for LB200. Significant­
ly lower values were obtained at 0 month storage than at 3 
and 6 months for LB200. Amounts determined at 0 and 3 
months for TBO were significantly different from that at 6 
months but were not significantly different from each 
other.
Extractable protein of milled rice was higher than 
nonirradiated brown rice. Values for milled rice from Mars 
did not differ with storage. Lemont and Tebonnet showed a 
slight increase from 0 to 3 months and then a decrease at 6 
months.
4.3.5. Effects of Dose. Variety and Storage on Vflliimp 
Expansion of Brown Rice.
Statistical analysis showed significant effects of 
dose, variety and storage on volume expansion. Significant 
interactions of variety and dose; dose and storage; and 
variety, dose and storage were also observed.
Percent volume expansion of the individual samples are 
presented in Table 4.25. Volume expansion tended to 
decrease with increased irradiation dose (Appendix A. 6a- 
A.6c). Some samples showed either an increase or decrease 
from 0 Krads to 100 Krads, however, these variations were 
not significant. Volume expansion at 0 Krads and 100 Krads 
were significantly larger than at 200 Krads (Table 4.26).
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At 6 months, 100 Krad samples exhibited the largest volume 
expansion.
Table 4.25. Mean volume expansion of milled and 
irradiated brown rice.
Volume expansion (%)a -
Variety
Storage
time
(months)
Milled
rice
Dose
0
level (Krads)13
100 200
Mars 0 57.16 35.14g 34.52gh 31.48g
3 54.63 36.38g 34.46gh 36.79fg
6 62.50 42.25de 49.04b 40.38e
Lemont 0 57.02 44.18d 36.66g 41.66de
3 56.48 42.86de 40.08ef 40.38e
6 62.50 47.72bc 52.85a 48.15b
Tebonnet 0 59.26 41.67de 40.44e 42.59de
3 55.56 44.44cd 44.44cd 40.74e
6 59.62 51.94ab 53.85a 50.00b
^Mean of four determinations 
"Means with the same letter
*
are not significantly
different at P > 0.05.
Table 4.26. Mean separation for volume expansion (%) 
by dose.
Grouping Meana N Dose
A 42.95 36 0
A 42.93 36 100
B 41.35 36 200
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Varietal differences were significant. Mars ex­
hibited the smallest volume expansion and Tebonnet the 
largest (Table 4.27).
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Table 4.27. Mean separation for volume expansion (%)
by variety.
Grouping Mean3 N Variety
A 45.57 36 Tebonnet
B 43.84 36 Lemont
C 37.83 36 Mars
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Mean separation for volume expansion by storage are 
given in Table 4.28. Volume change at each storage period 
was significant. An increasing trend was observed with 
increasing storage time. This trend is illustrated 
graphically in Appendix A.6a - A.6c.
Table 4.28. Mean separation for volume expansion (%) 
by storage.
Grouping Mean N Storage time (months)
A 48.46 36 6
B 40.62 36 3
C 38.70 36 0
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Volume expansion was larger for milled rice than brown 
rice. Means for the three varieties were about the same. 
There was a decrease from 0 month to 3 months, and then an 
increase at 6 months in all varieties. This increase was 
significant for Mars and Lemont but not for Tebonnet.
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4.3.6. Effects of Dose. Variety and Storage 
on Amvlose Content of Brown Rice.
Amylose content of brown rice was affected by variety 
and storage. Dose levels did not give any significant 
effects. Variety and dose; dose and storage; and, variety 
and storage interactions were found to be significant. 
Since dose effects were not significant, these significant 
interactions may be due to variety and storage.
Mean amylose contents of milled and irradiated brown 
rice are given in Table 4.29. Variations in amylose 
content due to dose were observed but these changes, were 
not significant as indicated by mean separations.
Table 4. 29. Mean amylose 
brown rice.
content of milled and irradiated
Amylose content (%)a
Storage Dose level (Krads)D
time Milled
Variety (months) rice 0 100 . 200
Mars 0 22.89 21.13 jkl 18.48m 19.49klm
3 21.26 21.12kl 21.58jk 23.51ij
6 18.01 18.09m 17.28m 18.63m
Lemont 0 34.40 28.50def 31.64abc 28.41def
3 36.06 30.64abcd 28.57def 30.33abcd
6 32.04 27.78ef 27.78ef 27.07fg
Tebonnet 0 32.53 27.05fg 29.52bcde 24.92ghi
3 34.01 31.16abc 32.37a 31.69ab
6 31.21 29.16cdef 28.58def 26.63gh
aMean of four determinations.
^Means with the same letters are not significantly 
different at P > 0.05.
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A similar trend for amylose content among varieties 
was observed, as previously reported in Chapter 3. As 
indicated by mean separation amylose content of Mars was 
significantly lower than Lemont and Tebonnet but the long 
grain varieties were not significantly different from each 
other.
It was observed that amylose content was generally 
highest in 3 months samples and lowest in 6 months samples. 
Amylose content at 0 and 6 months were not significantly 
different.
4.3.7. Effects of Dose. Variety and Storage 
on Damaged Starch in Brown Rice.
Significant effects of dose, variety and storage were 
obtained for damaged starch in brown rice. Variety and 
dose as well as dose and storage interactions gave sig­
nificant effects on damaged starch.
Damaged starch content for milled and brown rice are 
presented in Table 4.30.
A similar trend as reported in Chapter 3, where 
damaged starch decreased from that at 0 Krads to that at 
100 Krads and then increased at higher irradiation doses 
was observed. Mean separation (Table 4.31) indicated that 
damaged starch contents at each dose level were signifi­
cantly different.
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Table 4.30. Damaged starch content of milled and
irradiated brown rice.
Damaged starch (%)a
Storage
time Milled
Dose level (Krads)0
Variety (months) rice 0 100 200
Mars 0 
3 
6
12.39
8.04
9.98
16.75ab 
15.38bc 
13.68d
12.93de 
12.45def 
12.40def
18.08a 
12.80def 
13.55d
Lemont 0 
3 
6
8.42
8.38
8.68
12.9Ode
10.36ghi
10.05hi
11.23fgh 
11.80efg 
9.07i
15.93b 
11.52efgh 
11.41efgh
Tebonnet 0 
3 
6
10.49
8.21
6.50
12.50def 
10.60ghi 
10.42ghi
13.88cd 
10.90fgh 
9.92hi
15.54b
10.93fgh
11.42efgh
aMean of four determinations.
^Means with the same letters are not significantly 
different at P > 0.05.
Table 4.31. Mean separation for damaged starch 
dose.
(%) by
Grouping Meana N Dose level (Krads)
A
B
c
13.46
12.51
11.62
36
36
36
200
0
100
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Mean separation (Table 4.32) showed that Mars con­
tained significantly more damaged starch than Lemont and 
Tebonnet. Damaged starch in these long grain varieties 
were not significantly different.
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Table 4.32. Mean separation for damaged starch (%)
by variety.
Grouping Meana N Variety
A 14.22 36 
B 11.79 36 
B 11.58 36
Mars
Tebonnet
Lemont
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Table 4.33. Mean separation for damaged starch 
by storage.
<%)
Grouping Meana N Storage time (months)
A 14.41 36 0
B 11.86 36 3
B 11.32 36 6
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
A general decrease in damaged starch was observed with 
storage. Illustrations of this trend are given in Appendix 
A.7a - A.7c. Damaged starch content of the samples at 0 
month were significantly higher than that at 3 and 6 months 
(Table 4.33). No significant differences were observed 
between the 3 and 6 months samples. Damaged starch was 
relatively lower for milled rice than for brown rice.
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4.3.8. Effects of Dose Level. Variety and Storage
on Moisture Content of Irradiated Brown Rice. 
Variations in moisture content were mainly due to 
variety and storage. Table 4.34 presents moisture content 
of milled and irradiated brown rice.
Table 4.34.' Mean moisture content of milled and irradiated 
brown rice.
Moisture content (%)a
Storage Dose level(Krads)D
time Milled _________________________
Variety (months) rice 0 100 200
Mars 0 13.16 13.41cdefg 13.27defgh 13.18efghij
3 12.98 12.96ghij 13.ISefghij 13.Olfghij
6 13.07 13.27defghi 13.16fghij 13.22defghij
Lemont 0 13.46 13.98ab 14.lla 13.94ab
3 13.26 13.67abcde 13.51bcdef 13.71abcd
6 13.45 13.87abc 13.82abc 13.80abc
Tebonnet 0 12.89 13.10fghij 13.16fghij 13.27defghi
3 12.41 12,78ij 12.72j 13.80hij
6 12.61 13.llfghij 13.13fghij 13.12fghij
aMean of four determinations.
^Means with the same letters are not significantly 
different at P > 0.05.
Table 4.35. Mean separation for moisture content (%) by 
variety.
Grouping Mean3 N Variety
A 13.82 36 Lemont
B 13.19 36 Mars
C 13.02 36 Tebonnet
aMeans in the same letter grouping are not significantly
different at P > 0.05 using the LSD test.
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Although differences between varieties were very 
small, these were found to be significant (Table 4.35) 
Moisture content at 0 and 6 months were not significantly 
different from each other but were significantly different 
from 3-month samples which had relatively lower values 
(Table 4.36). Again, these differences were very small. 
Milled rice samples had moisture contents that were about 
the same as brown rice.
Table 4.36. Mean separation for moisture content (%) by 
storage.
Grouping Meana N Storage time (months)
A 13.49 36 0
A 13.39 36 6
B 13.15 36 3
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
4.3.9. Effects of Gamma-irradiation and Variety on 
Protein and Fat Content of Brown Rice.
Protein content. No significant effects of dose, 
variety and, variety and dose interactions were found for 
protein content of brown rice. Protein content of the 
samples are given in Table 4.37.
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Table 4.37. Protein content of milled and irradiated brown
rice.
Variety
Protein content (%)a
Milled
rice
Dose level (Krads)
0 100 200
Mars 8.67 9.71 8.66 9.27
Lemont 8.46 8.75 10.32 9.42
Tebonnet 8.50 10.58 10.76 9.28
aMean of four replications.
Fat content. Fat content differed significantly among 
varieties. Dose levels and interactions of dose and 
variety did not show any significant effects on fat 
content. Fat contents are given in Table 4.38. Overall, 
long grain varieties had lower fat content than Mars.
Table 4.38. Fat content of milled and irradiated brown 
rice.
Fat content (%)a
Dose level (Krads)13
Milled ____________________________
Variety rice 0 100 200
Mars 0.97 2.48ab 2.18abc 3.06a
Lemont 1.15 1.60cd 1.91cd 1.56cd
Tebonnet 0.64 1.2Id 1.95bcd 2.13abcd
I^Mean of four determinations.
“Means with the same letter are not significantly 
different at P > 0.05.
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4.3.10. Pasting Properties of Stored Milled and 
Irradiated Brown Rice.
Changes in pasting properties of milled and irradiated 
brown rice upon irradiation and storage are shown graphi­
cally in Appendix A.8a - A.8i.
Gelatinization temperature. Significant effects of 
variety, dose and storage were obtained for gelatinization 
temperature. Tables 4.39 givse means of gelatinization 
temperature, for milled and irradiated brown rice.
Table 4.39. Mean gelatinization temperature of milled and 
irradiated brown rice.
Gelatinization temperature (°C)a
Storage Dose level (Krads)*3
time Milled _________________________
Variety (months) rice 0 100 200
Mars 0 70.50 71.25hi 72.38gh 70.12i
3 71.50 73.38gh 70.88i 71.25hi
6 71.62 73.50fg 74.25f 74.25f
Lemont 0 75.75 79.12abcd 78.38cde 78.98ancde
3 75.00 78.75bcde 78.OOde 77.62e
6 75.75 79.50abc 78.38cde 78.38cde
Tebonnet 0 76.88 79.8Sab 79.88ab 79.88ab
3 76.50 80.25a 79.88ab 78.38cde
6 76.50 80.25a 79.88ab 79.88ab
aMean of two determinations.
bMeans with the same letter are not significantly 
different at P > 0.05.
Gelatinization temperature varied significantly among 
varieties with Mars exhibiting the lowest gelatinization 
temperature and Tebonnet the highest (Table 4.40).
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Table 4.40. Mean separation for gelatinization
temperature (°C) by variety.
Grouping Meana N Variety
A 79.79 18 Tebonnet
B 78.57 18 Lemont
C 72.25 18 Mars
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Storage affected gelatinization temperature. Samples
stored for 6 months showed the highest gelatinization
temperatures. These differed significantly from 0 and 3
months samples (Tables 4.41). The 0 and 3 months samples
did not differ significantly.
Table 4.41. Mean separation for gelatinization 
temperature (°C) by storage.
Grouping Meana N Storage time (months)
A 77.58 18 6
B 76.65 18 0
B 76.38 18 3
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Peak temperature and viscosity.
Peak temperatures were affected by variety, dose and 
storage. Interactions of variety and storage were sig­
nificant. Mean peak temperatures of milled and irradiated 
brown rice are given in Table 4.42. A decreasing tendency 
was observed with increasing dose levels.
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Table 4.42. Mean peak temperature of milled and irradiated
brown rice.
Peak temperature (°c)a
Variety
Storage
time
(months)
Milled
rice
Dose
0
level (Krads)" 
100 200
Mars 0 95.00 95.00a 93.38def 93.OOef
3 95.00 94.75ab 94.12bcd 93.75cde
6 95.00 94.75ab 94.75ab 94.50abc
Lemont 0 94.75 95.00a 93.OOef 93.38def
3 95.00 95.00a 92.85f 92.62f
6 94.75 94.75abc 93.75cde 93.OOef
Tebonnet 0 95.00 95.00a 94,50abc 93.75cde
3 95.00 95.00a 94.50abc 93.75cde
6 95.00 95.00a 94.75ab 93.75cde
fMean of two determinations.
"Means with the same letter are not significantly 
different at P > 0.05.
Mean separations indicated that overall, the differen­
ces in peak temperatures between dose levels were sig­
nificant (Table 4.43). Nonirradiated samples, generally, 
had the highest peak temperatures and those irradiated at 
200 Krads, the lowest.
Table 4.43. Mean separation for peak temperature (°C) 
by dose.
Grouping Meana N Dose (Krads)
A 94.92 18 0
B 93.96 18 100
C 93.50 18 200
aMeans in the same letter grouping are not significantly
different at P > 0.05 using the LSD test.
140
Table 4.44. Mean separation for peak temperature (°C) by
variety.
Grouping Meana N Variety
A 94.44 18 Tebonnet
A 94.22 18 Mars
B 93.71 18 Lemont
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Mean separation (Table 4.51) of peak temperatures by 
variety indicated that Mars and Tebonnet samples had 
similar peak temperatures which varied significantly from 
Lemont. Examination of peak temperatures among irradiated 
samples seemed to indicate an increasing trend with 
storage. Peak temperatures at 6 months were significantly 
higher than those determined at earlier storage period as 
shown by mean separation (Table 4.45).
Table 4.45. Mean separation for peak temperature (°C) by 
storage.
Grouping Mean3 N Storage time (months)
A 94.33 18 6
B 94.04 18 3
B 94.00 18 0
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Reduction in peak viscosities with increasing dose 
levels was evident from results presented in Table 4.46. 
At 200 Krads peak viscosities were reduced to about half
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that of nonirradiated samples. Mean separations showed
that peak viscosities at different dose levels were
significantly different (Table 4.47).
Table 4.46. Mean peak viscosities of milled and irradiated 
brown rice.
Peak viscosity (BU)a
Variety
Storage
time
(months)
Milled
rice
Dose level (Krads)D
0 100 200
Mars 0 735 502a 388defg 245k
3 732 505a 390defg 285ijk
6 790 510a 360efgh 255jk
Lemont 0 587 422cde 345ghi 284ijk
3 680 472abc 355fgh 245k
6 665 475abc 410def 308hij
Tebonnet 0 745 4 9 Sab 410def 244k
3 730 478abc 350fgh 250k
6 740 438bcd 368efgh 250jk
aMean of two determinations.
^Means with the same letters are not significantly 
different at P > 0.05.
Table 4.47. Mean separation for peak viscosity (BU) 
by dose.
Grouping Meana N Dose level (Krads)
A 477 18 0
B 375 18 100
C 268 18 200
aMeans in the same letter grouping are not significantly
different at P > 0.05 using the LSD test.
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Even though peak viscosity values varied among 
varieties differences were insignificant. Mars gave the 
highest mean value and Tebonnet the lowest (Table 4.48).
Table 4.48. Mean separation for peak viscosity (BU) by 
variety.
Grouping Mean3 N Variety
A 382 18 Mars
A 368 18 Lemont
A 365 18 Tebonnet
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
No specific trend was observed for peak viscosities 
with storage. Values were not significantly different 
between storage periods (Table 4.49).
Table 4.49. Mean separation for peak viscosity (BU) by 
storage.
Grouping Meana N Storage time (months)
A 375 18 6
A 370 18 0
A 370 18 3
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Peak viscosities of milled rice samples were higher 
than brown rice. Unlike brown rice samples, there was an 
overall increase in peak viscosities with storage.
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Viscosities at 3 and 6 months were found to be significant­
ly different from those at 0 month.
Final viscosity and viscosity at 50^0. Final vis­
cosity is the viscosity obtained at the end of a 15-minute 
holding period of the starch paste at 95°C. Dose and 
variety as well as variety and dose interactions were found 
to significantly affect final viscosities. Storage did not 
have any significant effects.
Table 4.50. Hean final viscosity of milled and irradiated 
brown rice.
Variety
Storage
time
(months)
Final viscosity (BU) a
Milled
rice
Dose level (Krads)D
0 100 200
Mars 0 425 330a 215ef 120kl
3 400 305abc 220ef 158hij
6 458 305abc 220ef 148ijk
Lemont 0 332 246de 169ghi 128jkl
3 380 275bcd 169ghi 1001
6 350 270cd 190fgh 125jkl
Tebonnet 0 488 310ab 195fg 1001
3 450 308ab 208f 1051
6 482 330a 215ef 1151
?Mean of two determinations.
“Means with the same letter are not significantly 
different at P > 0.05.
Mean final viscosities are given in Table 4.50. A 
decreasing trend was apparent with increasing dose levels 
in all varieties and storage periods. Mean separation 
showed that changes in final viscosities with dose were
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Table 4.51. Mean separation for final viscosity (BU)
by dose.
Grouping Meana N Dose (Krads)
A 298 18 0
B 200 18 100
C 122 18 200
aMeans in the same letter grouping are not significantly
different at P > 0.05 using the LSD test.
Table 4.52. Mean separation for final viscosity (BU) by 
variety.
Grouping Meana N Variety
A 224 18 Mars
B 209 18 Tebonnet
C 185 18 Lemont
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Table 4.53. Mean separation for final viscosity (BU) by 
storage.
Grouping Meana N Storage time (months)
A 213 18 6
A 205 18 3
A 202 18 0
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
significant at each dose level (Table 4.51). Varietal 
differences were significant with Mars exhibiting the 
highest final viscosity and Lemont the lowest (Table 4.52). 
Although analysis of variance and mean separation showed no 
significant effects of storage on final viscosities,
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looking at overall mean values for each storage period 
there was an increasing trend with storage (Table 4.53).
Final viscosities of milled rice were higher than 
those of brown rice. Varietal differences were indicated 
in mean separation. Tebonnet and Lemont were significantly 
different from each other but Hars was not significantly 
different from either variety. Tebonnet gave the highest 
values while Lemont the lowest. Storage effects were not 
observed in milled rice samples.
Table 4.54. Mean viscosity at 50°C of milled and 
irradiated brown rice.
Variety
Storage
time
(months)
Viscosity at 50°C (BU) a
Milled
rice
Dose
0
level
100
(Krads)13
200
Mars 0 718 617cd 450ghi 305k
3 685 575de 445ghi 365jk
6 760 608cd 475fg 365jk
Lemont 0 679 613cd 456fg 380ij
3 760 660bc 455fgh 320k
6 715 663bc 505efg 395hij
Tebonnet 0 905 745a 507efg 335jk
3 747 705ab 522ef 338jk
6 870 742a 527ef 368jk
j*Mean of two determinations.
"Means with the same letter are not significantly 
different at P > 0.05.
Viscosity after cooling to 50°C is indicative of the 
extent to which a starch paste retrogrades. Statistical 
analysis showed significant effects of dose, variety,
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storage and, variety and storage interaction. Mean
viscosities at 50°C are given in Table 4.54.
Dose effects were very apparent, showing a decrease in 
viscosity on cooling with increasing dose levels. Readings 
obtained were significantly different from each other at 
different dose levels.
Mean separation indicated significant differences 
among varieties (Table 4.55). Lowest viscosity readings 
were obtained for Mars while Tebonnet exhibited the highest 
values.
Table 4.55. Mean separation for viscosity at 50°C (BU) 
by variety.
Grouping Meana N Variety
A 532 18 Tebonnet
B 494 18 Lemont
C 467 18 Mars
aMeans in the same letter grouping are not significantly
different at P > 0.05 using the LSD test.
Although significant effects were obtained on storage, 
no specific trend was apparent. Highest values were 
obtained for samples stored up to 6 months while lowest 
values were exhibited by samples stored for 3 months. 
However, values obtained at 0 and 3 months were not 
significantly different (Table 4.56).
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Table 4.56. Mean separation for viscosity at 50°C (BU)
by storage.
Grouping Mean3 N Storage time (months)
A 516 18 6
B 490 18 0
B 487 18 3
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Values for milled rice were higher than those for 
brown rice. Unlike brown rice samples, no significant 
differences among varieties were found. Similarly, storage 
effects were absent in milled rice samples.
Breakdown. setback and consistency. Statistical 
analysis indicated that breakdown was highly affected by 
dose and variety. Variety and dose; variety and storage as 
well as variety, dose and storage interactions were 
significant. storage gave no significant effects on 
breakdown.
Changes in breakdown of milled and irradiated rice 
flour pastes are given in Table 4.57. A decreasing trend 
in breakdown values was observed as dose levels increased. 
Values at 0 and 100 Krads significantly differed from those 
at 200 Krads but did not differ significantly from each 
other (Table 4.58).
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Table 4.57. Changes in breakdown of flour pastes from
milled and irradiated brown rice.
Storage
time
Breakdown (BU)a
Milled
Dose level (Krads)
Variety (months) rice 0 100 200
Mars 0 310 176 172 130
3 333 200 170 128
6 333 205 140 106
Lemont 0 256 175 176 206
3 300 198 190 145
6 315 205 220 182
Tebonnet 0 257 185 215 144
3 280 170 142 145
6 275 108 152 135
aMean of two determinations.
Table 4.58. Mean separation for breakdown (BU) by dose.
Grouping Meana N Dose (Krads)
A 180 18 0
A 175 18 100
B 147 18 200
aMeans in the same: letter grouping are not significantly
different at P > 0.05 using the LSD test.
Lemont samples had the highest breakdown values and 
were significantly different from Mars and Tebonnet (Table 
4.59). Tebonnet gave relatively the lowest values.
Breakdown values decreased with storage (Table 4.60). 
However, values were not significantly different from each 
other.
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Table 4.59. Mean separation for breakdown (BU) by variety.
Grouping Meana N Variety
A 189 18 Lemont
B 158 18 Mars
B 155 18 Tebonnet
aMeans in the same letter grouping are not significantly
different at P > 0.05 using the LSD test.
Table 4.60. Mean separation for breakdown (BU) by storage
Grouping Meana N Storage time (months)
A 175 18 0
A 165 18 3
A 162 18 6
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Milled rice breakdown values were higher than brown 
rice. These values were significantly affected by variety 
and storage. Mars gave the highest values and Tebonnet the 
lowest. Relatively lower values were obtained at initial 
storage for all varieties. Highest values were observed at 
6 months storage.
Setback values were significantly affected by dose, 
variety, storage and; variety and dose interactions. Mean 
setback values are given in Table 4.61.
As irradiation dose levels increased, setback values 
decreased for Lemont and Tebonnet (Appendix A.9a and A.9b). 
This trend was observed for Mars samples at initial 
storage. No definite trend was observed for the 3 and 6
months samples (Appendix A.9c). Mean separation indicated 
that values at different dose levels were significantly 
different (Table 4.62).
Table 4.61. Mean setback values for flour pastes from 
milled and irradiated rice.
Setback (BU)a
Variety
storage
time
(months)
Milled
rice
Dose
0
level (Krads)D 
100 200
Mars 0 -18 88gh 62 gh 55gh
3 -48 70gh 55gh 80gh
6 -30 98fgh 115efg llOefg
Lemont 0 92 191bcd lllefg 46h
3 80 188bcd lOOfgh 75gh
6 50 188bcd 95gh 88gh
Tebonnet 0 160 250ab 98fgh 91gh
3 105 228bc 172cde 88gh
6 130 305a 160def 118efg
aMean of two determinations. 
"Means with the same letter are not significantly
different at P > 0. 05.
Table 4.62. Mean separation for setback (BU) by dose.
Grouping Mean3 N Dose (Krads)
A 178 18 0
B 108 18 100
C 83 18 200
aMeans in the same letter grouping are not significantly
different at P > 0.05 using the LSD test.
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Table 4.63. Mean separation for setback (BU) by variety.
Grouping Mean3 N Variety
A 168 18 Tebonnet
B 120 18 Lemont
C 81 18 Mars
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Generally, Mars samples gave the lowest setback and 
Tebonnet the highest. Varieties gave significantly
different setback values (Table 4.63).
Setback values were highest at 6 months storage and
were significantly different from those at 0 and 3 months
(Table 4.64). Values for samples at initial storage and at 
3 months were not significantly different.
Table 4.64. Mean separation for setback (BU) by storage.
Grouping Mean3 N Storage time (months)
A 142 18 6
B 117 18 3
B 110 18 0
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Significant effects of dose, variety and storage were 
found for consistency. Variety and dose interactions were 
significant. Mean consistency values are given in Table 
4.65.
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Table 4.65. Mean consistency values of flour pastes of 
milled and irradiated brown rice.
Consistency (BU)a
Storage
time
Variety (months)
Milled
rice
Dose
0
level (Krads) 
100
D
200
Mars 0 293 288def 235ghi 185j
3 285 270efg 22Shij 208ij
6 303 302de 255fgh 218hij
Lemont 0 348 366c 287def 252fgh
3 330 385bc 290def 220hij
6 365 392abc 315d 270efg
Tebonnet 0 418 435a 312de 235ghi
3 335 397abc 315d 232ghi
6 405 412ab 312de 252fgh
aMean of two determinations. 
^Means with the same letters are not significantly
different at P > 
Table 4.66. Mean
0.05.
separation for consistency (BU) by dose.
Grouping Meana N Dose level (Krad)
A 361 18 0
B 283 18 100
C 230 18 200
aMeans in the same letter grouping are not significantly 
different at P > 0.05.
An inverse relationship between dose levels and 
consistency values was observed (Appendix A.10a - A.10c). 
Differences among levels of irradiation were significant 
(Table 4.66).
Consistency values were significantly different 
between rice varieties (Table 4.67). Tebonnet gave the
highest consistency values and Mars the lowest. Six 
months samples gave higher consistency values than samples 
stored at 3 months or those at initial storage (Table 
4.68) .
Table 4.67. Mean separation for consistency (BU) by 
variety.
Grouping Meana N Variety
A 323 18 Tebonnet
B 309 18 Lemont
C 243 18 Mars
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Table 4.68. Mean separation for consistency (BU) by 
storage.
Grouping Meana N Storage time (months)
A 303 18 6
B 288 18 0
B 282 18 3
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using LSD test.
Consistency of milled rice was generally higher than 
that of brown rice. Tebonnet exhibited the highest values 
and Mars the lowest. Long grain milled rice pastes
exhibited significantly higher consistency than medium 
grain rice. In contrast to changes in consistency in brown 
rice samples with storage, no significant effects were 
observed for milled rice.
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4.3.11. Correlation of Some Physicochemical Properties.
Correlation analysis was conducted on some physico­
chemical properties of nonirradiated and irradiated brown 
rice.
Relationship of cooking time with some physical and 
chemical properties. Pearson correlation coefficients for 
cooking time and some physicochemical properties are given 
in Table 4.69. Similar results as reported in Section 
3.3.7 were obtained for some properties.
Table 4.69. Correlation of cooking time with selected
physicochemical properties of nonirradiated 
and irradiated brown rice.
Property Cooking time
Water uptake ratio - 0.53** (n = 108)
Apparent water uptake at 80°C - 0.65** (n = 108)
Apparent water uptake at 96°C 0.14ns (n - 108)
Amylose content 0.53** (n = 105)
Gelatinization temperature 0.60** (n = 27)
Protein content o.oins (n = 36)
Setback 0.50** (n = 27)
Breakdown 0.39ns (n = 27)
Consistency 0.66** (n = 27)
**Highly significant at P < 0.01. 
♦Significant at P < 0.05 
ns - not significant.
Highly significant negative correlations were observed 
for WR and W8o with cooking time. No significant correla­
tion was obtained for W95. Amylose content was, again 
found to be positively correlated to cooking time.
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Means of cooking time and gelatinization temperature 
were correlated. Results show a highly significant 
positive correlation. No significant correlation was 
observed between cooking time and protein content. Cooking 
time was highly correlated with setback and consistency but 
not to breakdown.
Correlation of amvlose content to other physico­
chemical properties. Correlation coefficients are given in 
Table 4.70. Amylose content was found to be negatively 
correlated to WR and W80. These results are similar to 
those reported in Section 3.3.7. In contrast to previous 
results, apparent water uptake at 96°C was found to be 
positively correlated to amylose content.
Table 4.70. Correlation of amylose content with water 
uptake.
Water uptake Amylose
Water uptake ratio - 0.89** (n = 105)
Apparent water uptake at 80°C - 0.86** (n = 105)
Apparent water uptake at 96°C 0.71** (n - 105)
**Highly significant at P < 0.01.
Correlation coefficients showing the relationship of 
amylose to damaged starch, starch in residual liquid and 
volume expansion are given in Table 4.71. Amylose and 
damaged starch exhibited a negative correlation while 
starch in residual cooking liquid and volume expansion were 
positively correlated to amylose.
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Table 4.71. Correlation of amylose content to damaged
starch, soluble starch and volume expansion.
Property Amylose
Damaged starch 
Soluble starch 
Volume expansion
- 0.50^ 
0.72♦♦ 
0.34^
(n = 105) 
(n - 105) 
(n = 105)
♦♦Highly significant at P < 0.01.
Table 4.72. Correlation of amylose to some pasting 
properties.
Characteristic Amylose
Breakdown
Setback
Consistency
0.16ns
0.44^
0.47^
(n = 27) 
(n = 27) 
(n = 27)
♦Significant at P < 0.05. 
ns - not significant.
Setback and consistency were found to be positively 
correlated to amylose content (Table 4.72). Breakdown was 
not significantly correlated to amylose content.
Correlation of aelatinization temperature with some 
physicochemical properties. Correlations of gelatinization 
temperature with some physicochemical properties are given 
in Table 4.73. Gelatinization temperature was significant­
ly correlated negatively to W 8q and WR . Significant 
positive correlations were noted for setback and consisten­
cy with gelatinization temperature. Nonsignificant 
correlations were obtained for protein content and break­
down.
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Table 4.73. Correlation of gelatinization temperature to 
selected physicochemical properties of 
nonirradiated and irradiated brown rice.
Property Gelatinization temperature
Apparent water uptake 
at 80°C - 0.92** (n = 27)
Water uptake ratio - 0.95** (n = 27)
Amylose content 0.81** (n = 27)
Setback 0.58** (n = 27)
Consistency 0.60** (n = 27)
Breakdown 0.15ns (n = 27)
Protein content 0.41ns (n = 9)
**Highly significant at P < 0.01. 
ns - not significant.
4.3.12. Scanning Electron Microscopy.
Starchy endosperm. Electron micrographs were taken of 
the central endosperm of nonirradiated and irradiated rice 
(200 Krads) (Figures 4.2a - 4.4b).
Nonirradiated samples showed large compound granules 
with smooth surfaces. Cleavage planes were more intercel­
lular than intracellular. Intercellular planes occur when 
cleavage coincides with cell boundaries resulting in an 
angular topography of smooth tilted surface (Evers and 
Juliano, 1976). Structures were closed and compact.
In irradiated samples numerous simple granules were 
visible. Distinct pentagonal shapes are discernible. It 
appeared that cleavage occurred intracellularly, that is, 
fracturing occurred through the cell independent of cell 
boundaries resulting in a rough loosely packed surface.
158
Figure 4.2a. A portion of the central endosperm transverse 
fracture face of nonirradiated brown rice 
(Mars var.).
C = compound starch granule 
S = simple starch granule 
P = protein body 
Bar represents 5 urn.
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Figure 4.2b. A portion of the central endosperm transverse 
fracture face of brown rice (Mars var.) 
irradiated at 200 Krads.
C = compound starch granule 
S = simple starch granule 
P = protein body 
Bar represents 5 urn
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Figure 4,3a. A portion of the central endosperm transverse 
fracture face of nonirradiated brown rice 
(Lemont var.).
C = compound starch granule 
S = simple starch granule 
P = protein body 
Bar represents 5 tun.
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Figure 4.3b. A portion of the central endosperm transverse 
fracture face of brown rice (Lemont var.) 
irradiated at 200 Krads.
C - compound starch granule 
S = simple starch granule 
P = protein body 
Bar represents 5 um.
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Figure 4.4a. A portion of the central endosperm transverse 
fracture face of nonirradiated brown rice 
(Tebonnet var.).
C = compound starch granule.
S = simple starch granule.
P = protein body 
Bar represents 5 urn.
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Figure 4.4b. A portion of the central endosperm transverse 
fracture face of brown rice (Tebonnet var.) 
irradiated at 200 Krads.
C = compound starch granule 
S - simple starch granule 
P = protein body 
Bar represents 5 urn.
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Figure 4.5a. SEM micrograph of nonirradiated brown rice 
(Mars var.) bran layer. Bar represent 2 um.
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Figure 4.5b. SEM micrograph of bran layer of brown rice 
(Mars var.) irradiated at 200 Krads. Bar 
represents 2.5 un.
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Structures were less compact and less dense than nonir­
radiated samples.
Intracellular cleavage in irradiated samples seem to 
have occurred to different extents among the varieties. 
Mars seemed to have more rough surfaces than Lemont and 
Tebonnet. Tebonnet appears to have more simple structures 
than Lemont.
Protein bodies were also visible which usually 
occurred in crevices or pockets.
Bran layer. micrographs of bran layer cross-sections 
of irradiated and nonirradiated samples are presented in 
Figures 4.5a and 4.5b. In both irradiated and nonir­
radiated samples the outer layer or pericarp appears to be 
a smooth solid structure.
4.3.13. Effects of caTmna-irradiation. Variety and Storage 
on Color of Brown Rice.
Analysis of variance results showed significant 
effects of dose, variety and storage on total color 
difference. Trends in total color difference and color 
attributes are given in Appendix A.11a - A.11c. Total 
color difference values for nonirradiated and irradiated 
brown rice are presented in Table 4.74. Generally, 
irradiated samples had significantly higher A e  values 
than nonirradiated samples. Mean separation showed that 
changes in A e values were significant between nonir­
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radiated and irradiated samples but were insignificant 
among irradiated samples. Values for A e were not sig­
nificantly different between Mars and Tebonnet but values 
for these varieties were significantly higher than Lemont.
On storage, A e values decreased. Significant dif­
ferences were observed between storage periods by mean 
separation.
Table 4.74. Mean total color difference of irradiated 
brown rice.
Variety
Storage
time
(months)
Total color difference3
Dose level (Krads)0
0 100 200
Mars 0 20.51bc 20.61bc 20.83b
3 19.15fgh 19.41efg 19.79de
6 18.32 jkl 18.79hij 18.32jkl
Lemont 0 20.81b 20.20cd 20.29c
3 18.28kl 19.Olfghi 18.96ghi
6 17.21m 18.18kl 18.0Q1
Tebonnet 0 20.64bc 21.42a 20.65bc
3 19.02fghi 19.20fgh 19.48ef
6 18.56ijk 18.041 18.42jkl
aMean of 6 determinations.
^Means with the same letter are not significantly 
different at P > 0.05.
Values of L were also affected by dose, variety and 
storage. Table 4.75 gives the mean L values of nonirradia­
ted and irradiated brown rice. L values generally decrea­
sed with increase in dose levels. Mean separations
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indicated that L values of nonirradiated samples were 
significantly higher than those of irradiated samples.
Varietal differences in L values were significant with 
Lemont giving the highest readings. Mean separation by 
variety showed that Mars and Tebonnet did not differ 
significantly from each other but both differed sig­
nificantly from Lemont.
Table 4.75. Changes in L values of brown rice upon 
irradiation and storage.
Variety
Storage
time
(months)
L Value3
Dose level (Krads) b
0 100 200
Mars 0 59.llmnop 59.07nop 58.72p
3 60.36ghi 60.03ijk 59.66klm
6 61.24bc 60.62efgh 61.04bcde
Lemont 0 58.82p 59.431mn 59.34mno
3 61.21bcd 60.39fghi 60.46fghi
6 61.88a 61.19bcd 61.32b
Tebonnet 0 58.94op 58.17q 58.85p
3 60.48fghi 60.hij 59.84jkl
6 60.75defg 61.29bc 60.84cdef
3Mean of 6 determinations.
“Means with the letter are not significantly different 
at P > 0.05.
Values for L increased with storage. Each storage 
period was significantly different.
a values were significantly affected by dose, variety 
and storage. Interactions were also significant. Mean 
values for a are given in Table 4.76.
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A general increase in a values was observed with 
increasing dose levels. Irradiated samples were not 
significantly different from each other but were sig­
nificantly different from the nonirradiated samples.
Mean separation by variety showed that Mars had the 
highest a values and Tebonnet the lowest, a values of the 
different varieties were significantly different from each 
other.
Upon storage, a values tended to decrease. Signifi­
cant differences were noted between the different storage 
periods.
Table 4.76. Changes in a values of brown rice on 
irradiation and storage.
Variety
Storage 
time 
(mon.)
a Values®
Dose level (Krads) D
0 100 200
Mars 0 2.83a 2.86a 2.86a
3 2.72bc 2 .68c 2.79ab
6 2.54f 2.67cde 2.58def
Lemont 0 2.74bc 2.68cd 2.79ab
3 2.58ef 2 .7Sab 2.8lab
6 2.40g 2.58def 2.57f
Tebonnet 0 1.69jk 1.80hi 1.83h
3 1.60k 1.65jk 1.71ij
6 1.461 1.481 1.52kl
**Mean of 6 determinations.
^Means with the same letters are not significantly
different at P > 0.05.
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Significant effects were exhibited due todose, variety 
and storage on b values of brown rice. Table 4.77 gives 
the mean b values for nonirradiated and irradiated brown 
rice.
Examination of b values revealed an increasing trend 
with increasing dose levels. It was noted by mean separa­
tion that values for irradiated samples were significantly 
higher than those of nonirradiated samples. Values of 
irradiated samples were not significantly different from 
each other.
Table 4.77. Mean b values of stored gamma-irradiated 
brown rice.
Variety
Storage
time
(months)
b Valuesa
Dose level (Krads)13
0 100 200
Mars 0 17.16kl 17.29k 17.47jk
3 17.89h 18.Ilf 18.Ilf
6 17.87h 18.42de 18.53cd
Lemont 0 16.94mn 17.081m 17.16kl
3 18.07fg 18.60c 18.57c
6 18.371 18.74b 19.03a
Tebonnet 0 16.09q 16.26p 16.77o
3 16.91n 17.26k 17.61ij
6 17.22k 17.68i 19.94gh
?Mean of 6 determinations.
^Means with the same letter are not significantly 
different at P > 0.05.
lemont gave higher b values than Mars and Tebonnet. 
Tebonnet differed significantly from Mars and Lemont. An
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increase in b values was observed as storage time lengthen­
ed. Mean separation showed significant differences between 
storage periods.
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4.4. DISCUSSION
Starch degradation in the rice kernel due to gamma- 
irradiation was manifested by changes in certainphysico- 
chemical properties. These included reduction in cooking, 
increased water uptake, increased amounts of starch and 
protein in residual cooking liquid, reduced volume expan­
sion, increased damaged starch and changes in amylographic 
pasting characteristics. By scanning electron microscopy 
more simple starch granules were observed in irradiated 
kernels than in nonirradiated samples. Analyses of 
protein, fat and moisture content showed no significant 
changes due to gamma-irradiation. These observations 
suggest that the major component drastically affected by 
gamma-irradiation in the rice kernel is starch.
4.4.1. Effects of Dose. Variety and Storage on 
Cooking Time.
Trends for cooking time were similar to those reported 
in preliminary studies (Section 3.3.1). Cooking time of 
brown rice decreased with increasing dose levels. Re­
iterating, starch fragmentation, opening up of the rice 
kernel structure and perhaps also degradation of other 
constituents would result in the formation of more areas in 
the rice kernel for greater water absorption, consequently, 
reducing cooking time. These results may, therefore, be
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consistent with the findings of Suzuki et al. (1976; 1977) 
on the kinetics of cooking rice. Cooking rate at tempera­
tures below 98.5°c is limited by the rate of reaction of 
rice components with water. While above 98.5°C, it is 
influenced by the diffusion rate of water in the cooked 
rice layer toward the uncooked core interface where the 
reaction takes place.
Similar results, as in Chapter 3, were also noted for 
varietal differences where Lemont showed the longest 
cooking time and Mars the shortest. Varietal differences 
arise from the differences in gelatinization temperatures 
as well as grain dimensions as discussed in Section 3.4.1.
The overall increase in cooking time with storage, 
although not significant, is consistent with observations 
reported by other workers (Juliano, 1985c). Longer cooking 
times of rice on storage has been attributed to a decrease 
in the water solubility of rice starch and protein (Julia­
no, 1985c). These changes result in a slower rate of 
cooking, even if gelatinization temperatures do not change.
Cooking times for milled rice were shorter than brown 
rice because of the absence of a bran layer that deters 
water absorption. Upon storage, cooking time also in­
creased.
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4.4.2. Effects of Dose. Variety and Storage 
on Water Uptake.
Increased apparent water uptake at 80°c and water 
uptake ratio with increasing dose levels are in agreement 
with results reported earlier and those of other resear­
chers already cited (MacArthur and D'Appolonia, 1984; Rao 
and Vakil, 1985). These results, again, point to the pos­
sibility of starch degradation on irradiation.
The decreasing trend in apparent water uptake at 96°c 
as dose levels increased observed in the previous study was 
also noted, except that differences between dose levels in 
the present study were not significant. This may be 
attributed to differences in chemical and/or physical 
characteristics between rice samples of different crop 
years.
Differences in water uptake of Mars, Lemont and 
Tebonnet may be attributed to varietal differences. As 
discussed earlier, water uptake differed with grain type. 
Wqq and Wr  values for Mars, a medium grain variety, were 
much higher than Lemont and Tebonnet, which are long grain 
varieties. Results obtained were also consistent with the 
observation that at 82°C rices with low (<70°C) or inter­
mediate (70 - 74°C) gelatinization temperatures absorb more 
water than those with high values (>74°C) (Juliano, 1985b). 
Apparent water uptake at 80°C for Mars was 51.70 percent 
with a gelatinization temperature of 72.8°C. Water
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absorption of Lemont and Tebonnet were 32.5 and 35.0 
percent, respectively, with corresponding gelatinization 
temperatures of 78.8°C and 79.8°C.
Water uptake values decreased with storage. Even with 
storage irradiated samples had higher water uptake values 
than nonirradiated samples. Studies on irradiated corn 
grains stored for two years showed that storage enhanced a 
decrease in water absorption (Roushdi et al. 1981). 
Decreased water uptake on storage of rice has been reported 
by other workers. Indudhara Swamy (1978) observed an 
increase in water uptake at 80°C and 96°C during the first 
year of storage. This dropped after prolonged storage. 
Bolling et al. (1978) reported that swelling numbers, which 
indicate hydration characteristics of rice grains, de­
creased with increased storage time. The increase in brown 
rice hardness (Juliano 1979? 1972b) and water insolubility 
of rice starch and protein during storage (Juliano, 1985c; 
Juliano 1972b) have been attributed to as the cause of the 
decrease in water uptake.
4.4.3. Effects of Dose. Variety and Storage on Starch 
in Residual Cooking Liquid.
The increase in soluble starch content of residual 
cooking water with increase in dose levels suggests the 
break up of the starch grain structure. These results
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indicate an increase in solubility because of depolymeriz- 
ation of the starch chain (Deschreider, 1960).
El Saadany et al. (1979) also observed an increase in 
rice starch solubility as dose levels increased. MacArthur 
and D'Appolonia (1984) attributed the increase in wheat 
starch solubility on irradiation to losses of molecular- 
weight components formed by the degradation of starch. It 
has been suggested that aside from starch degradation, in­
creased solubility may be brought about by modification of 
the amylose and amylopectin structure (Greenwood and 
Mackenzie, 1963). However, large doses were used in their 
study.
Long grain varieties, Lemont and Tebonnet, released 
about four times more starch than Mars, a short grain 
variety. Similarly, Batcher et al. (1957) and, Hogan and 
Planck (1958) reported higher amounts of starch in cooking 
liquids of long grain varieties than short grain rice.
Differences in soluble starch content among the 
varieties may be due to differences in amylose content. 
Juliano (1985c) cited that starch in cooking gruel corre­
lated with the amylose content of grain. Mars had lower 
amylose content and small amounts of starch in the cooking 
liquid. Priestley (1977) determined that the amylose 
content of starch leached into cooking water ranged from 
2.7 to 67.3 percent. Being a linear molecule, amylose can 
readily leach into the cooking water.
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Starch in residual cooking liquid increased with 
storage. This agrees with the study conducted by Shibuya 
on Japanese rice as cited by Juliano (1985c). in contrast, 
other reports stated that stored milled rice yields less 
total solids into the cooking liquid than new rice (Barber, 
1972; Juliano, 1979). Differences in length of storage may 
account for these discrepancies. Samples may not have been 
stored long enough to bring about similar observations.
4.4.4. Effects of Dose. Variety and Storage on 
Extractable Protein.
Protein content of residual cooking liquid displayed 
the same trend as starch. Increase in extractable protein 
with increase in dose indicates a structural change in the 
rice kernel allowing the release of proteins. This may 
also suggest a possible change in the protein itself. 
Irradiation may have affected protein association with 
other constituents involving noncovalent bonding rendering 
it more soluble in water. Protein denaturation, mainly by 
breaking of hydrogen bonds and other interactions involved 
in secondary and tertiary structures, may have occurred 
resulting in a change in protein characteristics. It has 
been reported that colloidal properties of gluten were lost 
on irradiation and were rendered more soluble in water 
(Lorenz, 1975).
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Increase in extractable protein may also be due to 
possible fragmentation of polypeptide chains. Ismail et al 
(1978) stated that marked increase in protein solubility 
indicates molecular degradation of protein. Results of 
studies by Srinivas et al. (1972) indicated fragmentation 
of wheat proteins to low molecular weight entities even at 
low doses (0.02 - 1 Mrad).
Differences in the amount of protein in residual 
cooking water may be due to differences in grain type 
rather than individual varieties. Tebonnet and Lemont had 
higher extractable protein values than Mars.
Although statistical analysis did not show any sig­
nificant differences in protein content, values were 
slightly different, with Mars having relatively lower 
values than Lemont and Tebonnet. The long grain varieties 
had about the same amounts. Differences in protein content 
may account for differences in extractable protein.
If protein content in all three varieties were 
considered as relatively the same, there may have been 
differences in the amounts of soluble protein (albumin and 
globulin) in the different varieties. Iwasaki et al (1982) 
determined that there were differences in the quantities of 
soluble rice proteins in long, medium and short grain 
varieties.
Amount of protein in the residual cooking water 
increased with storage. This is contrary to the expected
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decrease in water-solubility of protein in rice on storage 
(Juliano, 1985c? 1979). Bolling et al. (1978) and Desika- 
char and Subrahmanyan (I960) found a decrease in protein 
solubility on storage. It is thought that the decrease is 
due to interactions of proteins with sugars and other 
oxidation products formed from lipids of rice, such as 
carbonyl compounds and lipid hydroperoxides.
The increasing trend observed in this study may 
suggest that irradiation effects perhaps still persist even 
on storage such that reactions alluded to above take place 
to a very small extent or not at all.
4.4.5. Effects of Pose. Variety and Storage on 
Volume Expansion.
Volume expansion decreased as irradiation dose in­
creased. Results reported by El Saadany et al. (1979) 
showed a decrease in volume expansion of brown and milled 
rice with increasing dose levels. These observations 
suggest degradation of starch and weakening of the grain 
structure. Irradiation may render the rice grain less 
resistant to disintegration during grain swelling. Cell 
wall constituents may also be degraded by irradiation.
Long grain rice, Lemont and Tebonnet, exhibited 
greater volume expansion than medium grain rice. Batcher 
et al. (1956; 1957) made similar observations and stated 
that at any given cooking time, long-grain rice had the
1 8 0
greatest cooked volumes and medium grain rices, sig­
nificantly differed from short grain. Halick and Keneaster 
(1956) also obtained similar results.
The observed increase in volume on storage is consis­
tent with reports of other workers (Desikachar and Subrah­
manyan, 1959; Bolling et al. 1978; Indudhara Swamy et al. 
1978; Juliano, 1985c; Barber, 1972). This phenomenon has 
been attributed to the possible hardening or improved 
resiliency of cell walls thereby resisting high pressures 
developed inside the cell during the cooking process.
The larger volume expansion of 100 Krad samples
compared with the 0 and 200 Krad samples may suggest a 
strengthening of cell walls in the rice grain at this dose 
level, indicative of cross-linking of cell wall components.
4.4.6. Effects of Dose. Variety and Storage on Amylose 
Content.
Results indicated that irradiation did not sig­
nificantly affect amylose content, although there was a 
slight decreasing trend from 0 to 200 Krads.
The amylose content of the rice varieties may be
classified as low (7-20%) to intermediate (20-25%) for 
Mars, and high (>25%), for Lemont and Tebonnet.
Amylose content at 0 and 6 months were about the same. 
During storage, starch and amylose content remain prac­
tically unchanged (Juliano, 1985c).
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Amylose content of milled rice was higher than that of 
brown rice because of bran removal resulting in concentra­
tion effects. Milled rice amylose content of Lemont and 
Tebonnet were above the range of values (23 - 26%) for U.S. 
long grain varieties while Mars fell within the range (15- 
20%) for U.S. medium grain rice (Webb, 1987).
4.4.7. Effects of Dose. Variety and Storage on Damaged 
Starch.
Overall, damaged starch in 100 Krad samples were lower 
than that in 0 Krad and 200 Krad samples. These observa­
tions confirm those obtained in earlier experiments and 
discussed in Chapter 3. The decrease in starch damage from 
0 Krads to 100 Krads was attributed to a decrease in 
digestibility of starch to alpha-amylase; the possible 
formation of products through direct combination or 
recombination following intermolecular rearrangements of 
ions and radicals formed from starch irradiation or the 
possible development of cross-links resulting in products 
resistant to alpha-amylase action. This result seems to be 
consistent with the observation that volume expansion was 
larger for 100 Krad samples.
These observations, therefore, further support the 
possible explanation that the increase in starch damage 
from 100 Krads to 200 Krads is due to irradiation effects 
and not to mechanical damage. At higher dose levels
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degradation of starch may have occurred resulting in the 
formation of oligosaccharides more susceptible to alpha- 
amylase action.
As stated in Section 3.3.3 susceptibility of rice 
starch to damage may be by grain type and not by variety. 
No significant differences were found between Lemont and 
Tebonnet. However, starch damage for these two varieties 
were significantly different from Hars.
Starch damage values for nonirradiated, irradiated and 
milled rice decreased with increased storage time, although 
the 3 and 6 months values were not significantly different. 
This is indicative of a possible strengthening of the rice 
grain structure with storage. However, this is inconsis­
tent with the findings that soluble starch and extractable 
protein increase in the residual cooking water with storage 
of both irradiated and nonirradiated rices. Perhaps degree 
of strengthening was not yet sufficient to cause a decrease 
in extractable protein and soluble starch in the cooking 
water. Longer storage periods may be required to bring 
about these effects.
Milled rice samples had relatively lower starch 
damaged values than brown rice. The possible rationale has 
been given in Chapter 3.
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4.4.8. Protein. Fat and Moisture Content of Honirradiated 
and Irradiated Brown Rice.
Gamma-irradiation did not bring about any significant 
changes in moisture, protein and fat content. Moisture 
content of the samples was about 13%. Varietal differences 
were very small. changes during storage were also very 
small and moisture content was still about 13%. Nadeem et 
al. (1969) reported no marked effect of gamma-irradiation 
on these major components.
Values obtained for protein content fell within the 
range of 4.3 -18.2% reported by Juliano (1985b). The
protein contents of milled rice were higher than those 
reported by Webb (1987) for long and medium grain U.S. 
varieties. Protein contents of milled rice were lower than 
brown rice because of the removal of the germ and bran 
layer during milling.
Mean fat content of the three varieties fell within 
the range of 1.5 - 2.3% reported by Juliano (1985c).
Milled rice fat content was much lower than brown rice 
because of the removal of the bran layer and germ.
4.4.9. Effects of Dose. Variety and Storage on Pasting 
Properties.
Results obtained on the effects of dose levels on 
pasting properties are similar to those reported in Section
3.3.8. As previously discussed, the decrease in gelatiniz-
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ation temperature, peak temperatures, peak viscosities, 
final viscosities, viscosities on cooling to 50°C, break­
down, setback and consistency with increasing dose levels 
indicate possible rice structure break up, starch degrada­
tion and protein denaturation.
Variations due to variety were observed. Peak vis­
cosities were lower for long grain than for medium grain 
rice (Webb, 1985). Mars, generally, had higher peak 
viscosities than Lemont and Tebonnet. Gelatinization 
temperatures, final viscosities and viscosities at 50°C of 
typical U.S. long grain varieties were reported to be 
higher than those for medium grain varieties (Webb, 1985). 
Results obtained overall, showed gelatinization tempera­
tures and viscosities at 50°C to be higher for long grain 
rice than medium grain; however, final viscosities for Mars 
were higher than for Lemont and Tebonnet. Differences in 
amylographic pasting properties between varieties may be 
attributed to differences in amylose and protein content. 
Correlations of these factors with pasting properties are 
discussed in a later section.
On the basis of gelatinization temperature Mars would 
be classified as intermediate (70° to 74°C); and Lemont and 
Tebonnet as high (75° to 80°C) (Beachell and Stansel, 
1963). A general increase in gelatinization temperature was 
observed. Gelatinization temperatures of Mars significant­
ly increased with storage. Changes in gelatinization
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temperature of Lemont and Tebonnet were not significant. 
These results may be consistent with those of other 
workers. Indudhara Swamy (1978) noted a slow increase in 
gelatinization temperature as storage progressed, while 
other researchers did not observe any changes.
Peak temperatures increased with storage. Peak 
viscosities did not show any significant change. This was 
not consistent with the reports of Indudhara Swamy et al. 
(1978) and Shin et al. (1985) who reported an increase in 
peak viscosity with storage which was attributed to a 
decrease in amylase activity. Results obtained may imply 
that amylase activity had not decreased to a level that 
would bring about a substantial increase in peak viscosity. 
Wang et al. (1983) found that alpha-amylase activity in 
irradiated rice decreased considerably after twelve months 
of storage.
Peak viscosities of milled rice were higher than brown 
rice and increased with storage. Removal of bran may have 
reduced the amylase concentration and this decreased with 
storage bringing about an increase in peak viscosity.
No definite trend was observed for final viscosity and 
viscosity at 50°c. Breakdown did not significantly change 
with storage but a slight decreasing trend was noticeable. 
Values at 6 months for viscosities at 50°C were sig­
nificantly higher than that at 0 and 3 months.
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Trends in breakdown and setback values for milled rice 
and brown rice on storage were also not consistent with 
trends reported in literature. Indudhara Swamy et al. 
(1978) reported that breakdown in rice flours on storage 
for 3.5 years fell sharply while setback showed an initial 
increase and then a decrease. The apparent difference 
between experimental and literature values may be due to 
differences in length of storage. The length of storage 
for the study may not have been long enough to cause 
changes similar to reported findings.
Consistency or total setback showed an initial 
decrease followed by an increase after 3 months of storage. 
Shin et al. (1985) observed a substantial increase in 
consistency after twelve months storage. These re­
searchers did not report determinations made between the 
initial storage time and twelve months thus the trend 
observed in the study being presented cannot be confirmed. 
The increase in consistency after 3 months storage may be 
attributed to changes in some structural components like 
bound lipids or cell wall components (Shibuya et al. 1982) 
and not to a reduction in alpha-amylase activity (Shin et 
al. 1985).
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4.4.10. Correlation of Some Physicochemical Properties of 
Irradiated Brown Rice.
Correlation analysis showed cooking time to be nega­
tively correlated to W30 and W^; and was insignificantly 
correlated to W96* Samples that exhibited shorter cooking 
times tended to absorb more water.
As in Section 3.4.1, it was observed that amylose 
content was positively correlated to cooking time. Samples 
with high amylose content showed longer cooking time. Poor 
correlation between cooking time and amylose content has 
been reported (Juliano and Perez, 1983) .
Gelatinization temperature significantly correlated 
with cooking time. This observation is in agreement with 
the findings of other workers (Juliano and Perez, 1986; 
1983; Juliano et al. 1969; Juliano et al. 1965). A highly 
significant correlation coefficient (r = 0.75) for cooking 
time and gelatinization temperature was reported by Juliano 
and Perez (1983). Samples with high gelatinization 
temperatures tended to cook longer than those with low 
gelatinization temperatures. The long grain varieties, 
which exhibited longer cooking times had higher gelatiniza­
tion temperatures.
Irradiated samples tended to exhibit lower gelatiniza­
tion temperatures than nonirradiated samples. Of the 
irradiated samples, those exposed to higher doses showed 
lower gelatinization temperatures. Lower gelatinization
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temperatures for samples that exhibited shorter cooking 
times are indicative of an open rice grain structure. 
According to Juliano (1984, 1985b), gelatinization tempera­
ture probably reflects the relative porosity of the rice 
endosperm. These observations support the findings of 
Suzuki et al. (1976, 1977) who observed that cooking rate 
is limited by the reaction rate of rice components with 
water. Since the process of gelatinization is a result of 
hydrogen bond breaking between poly-(1-4)-«C-glucan chains 
in the crystalline areas (or even in the amorphous region 
to a lesser extent) of the starch granule (Blanshard, 
1987), lower gelatinization temperatures of irradiated rice 
samples would be indicative of bond breaking effects of 
gamma-irradiation. Loss of birefringence and X-ray 
crystallinity, that is, loss of order, would occur at lower 
temperatures in starch whose structure has been altered.
The correlation of protein content with cooking time 
was found to be insignificant. Findings reported in 
literature (Juliano, 1972c; Juliano et al. 1965) however, 
showed that rice with higher protein content tended to cook 
longer and required more water. Although correlation was 
insignificant, it may be noted that Lemont and Tebonnet, 
which have slightly higher protein contents than Mars, 
cooked longer.
Setback, breakdown and consistency showed a sig­
nificant positive correlation with cooking time indicating,
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again, that in irradiated rice the kernel structure had 
been altered.
Amylose content was inversely related to water uptake. 
Generally, rices low in amylose content tended to absorb 
more water than those with higher contents. Characteristic 
water absorption of rice may be related to its starch 
composition. Amylopectin is more hygroscopic than amylose 
(Juliano et al. 1964a), thus low amylose rices would absorb 
more water.
Damaged starch was inversely related to amylose 
content. Hars, which had lower amylose content showed 
greater starch damage than Tebonnet and Lemont. Amylose 
content may indicate resistance of rice grains to effects 
of irradiation; those with higher amylose content being 
more resistant to irradiation. This observation may also 
point to the possibility that crystalline regions of the 
starch granule, whose structure has been attributed to 
amylopectin (Blanshard, 1987) are affected to a greater 
extent by gamma-irradiation than amorphous areas.
Starch in residual cooking liquid was directly related 
to amylose content. Amylose has a straight chain struc­
ture, therefore, could more readily leach into water than 
amylopectin. In an open structure, perhaps brought about 
by irradiation, larger amounts are leached most especially 
in samples that have high amylose content. Bhattacharya et 
al. (1972) stated that samples with low starch-iodine blue
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values (indicative of starch in cooking gruel) can be 
expected to have low amylose/amylopectin in their cooking 
water. As cited by Juliano (1985c) Kurasawa observed 
starch-iodine blue values of the cooking gruel of japonica 
rice to correlate with amylose content. With the exception 
of high amylose, hard-gel-consistency rices, hot-water- 
soluble amylose is related to the total amount of amylose 
(Juliano, 1979).
Volume expansion was directly related to amylose 
content. Juliano (1980a) reported a similar relationship. 
According to Juliano (1972b) amylose content is the 
principal influence on volume expansion. High amylose 
content increases the capacity of a starch granule to 
expand in volume without collapsing because of the greater 
ability of amylose to hydrogen-bond or retrograde (Juliano, 
1985c).
Amylose content was correlated with setback and 
consistency but not to breakdown. Correlation coefficients 
for setback and consistency were +0.44 and +0.47, respec­
tively. Because of more linear fractions undergoing 
retrogradation on congealing, high setback or greater 
viscosity on cooling was observed in high amylose rices. 
High positive significant correlations of setback and 
consistency with amylose have been reported (Juliano et al. 
1964a; 1964b; Perez and Juliano, 1979; Juliano and Pascual, 
1980; Merca and Juliano, 1981). Merca and Juliano (1981)
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also observed a nonsignificant negative correlation of 
breakdown with amylose.
Gelatinization temperature was highly negatively 
correlated to apparent water uptake at 80°C and water 
uptake ratios. This, again, would suggest that gelatiniza­
tion temperature indicates the porosity or openness of the 
rice grain structure. Similar results were shown by 
Bhattacharya et al. (1972); Juliano et al. (1969); and, 
Halick and Kelly (1959). Higher maximum water absorption 
values at temperatures below boiling were obtained for 
samples with low gelatinization temperatures than those 
with higher gelatinization temperatures. In starches with 
low gelatinization temperatures, water absorption starts at 
a lower temperature (Juliano, 1985b). Thus, Mars and the 
irradiated samples, having lower gelatinization tempera­
tures, greater water absorption in comparison to the long 
grain varieties.
other workers found no correlation between gelatiniza­
tion temperature and water uptake (Juliano et al. 1969). 
This difference in results may be due to differences in 
temperatures employed. Water uptake at temperatures 
between 70° and 80°C is strongly influenced by gelatiniza­
tion temperature but those at boiling is dependent upon 
surface area (Bhattacharya and Sowbhagya, 1971).
A significant correlation was observed for gelatiniza­
tion and amylose. Rices containing higher amylose would
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have higher gelatinization temperatures. Similar results 
were reported by Juliano et al. (1964a) and correlation 
coefficients of +0.63 and +.87 were obtained. According to 
these workers, this relationship indicates that higher 
amylose starches are more resistant to gelatinization. It 
has, however, been reported that gelatinization temperature 
and amylose content appear to be independent properties 
(Kongseree and Juliano, 1972; Juliano et al. 1969; Juliano 
et al. 1965; Juliano, 1984; Beachell and Stansel, 1963; 
Halick and Kelly, 1959).
Setback and consistency were positively correlated 
with gelatinization temperature while breakdown was not 
correlated significantly. Since setback viscosity is a 
measure of retr©gradation, rice samples with high gelatini­
zation temperatures would have harder kernels on cooling 
than those with low setback values. Thus irradiated rice 
kernels will exhibit softer kernels than nonirradiated 
rice. Mars, having lower gelatinization temperatures than 
long grain varieties will give softer cooked grains.
Similarly, since consistency is a measure of cold 
paste behavior, rice kernels of samples exhibiting high 
gelatinization temperatures would be harder than those of 
low gelatinization temperatures on cooling.
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4.4.11. Scanning Electron Microscopy.
Intercellular cleavage planes were observed in nonir­
radiated samples suggesting strong binding forces holding 
the starch granule together. Weak points would be along 
cell walls such that cleavage coincided with these boun­
daries giving rise to a smooth angular surface.
Intracellular cleavage implied bond breaking within 
the starch granule to give a weakened structure. Because 
of several weak points within the starch granule a rough 
surface results on fracturing. A less compact structure 
also results because of these weakened points. Extent of 
intracellular cleavage seemed also to depend upon variety. 
Mars showed a more rough surface than Lemont and Tebonnet, 
and Tebonnet had more simple structures than Lemont. Thus, 
Mars may have been most susceptible to irradiation and 
Tebonnet the least.
Results of scanning electron microscopy of the rice 
endosperm tend to support observations made on some 
chemical and physical properties of irradiated brown rice.
Electron microscopy of the bran layer did not show any 
distinctive differences between nonirradiated and ir­
radiated samples. Perhaps a more detailed study such as 
examination of the individual layers of the bran would show 
marked differences in structure. Techniques must be 
developed for more accurate and detailed observations of 
these layers.
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4.4.12. Effects of Dose. Variety and Storage on Color 
of Brown Rice.
Color difference, A e and color attributes L, a and b 
were influenced by irradiation, variety and storage.
Higher A e values indicated that color of samples 
darkened on irradiation. Development of color may be 
attributed to changes in the bran layer and endosperm 
structure and composition brought by irradiation. Reducing 
sugars that may have been produced during irradiation 
(Ananthaswamy et al. 1970b) may react with proteins and 
amino acids to form colored reaction products. Lorenz 
(1975) reported a slight browning of rice on irradiation.
On storage A e value decreased implying fading of 
color or rice grains turned lighter. The rationale behind 
this is not known.
Results showed that, generally, Mars had higher A e 
values than Tebonnet and Lemont indicating that it was 
darker (more yellow) than Lemont and Tebonnet.
L values decreased with increasing dose levels 
although irradiated samples were not significantly dif­
ferent. Decreased L indicate darkening of the samples. 
Mars and Tebonnet were not significantly different but were 
significantly darker than Lemont. Irradiated samples for 
Mars and Tebonnet had lower X> values than Lemont.
On storage, L values significantly increased, showing 
that samples become lighter yellow. This parallels the
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decrease In A e values implying a reduction in "intensity" 
of the yellow color.
Irradiated samples exhibited significantly higher a 
values than nonirradiated samples but they were not 
significantly different, thus irradiated samples had more 
"redness" than nonirradiated samples.
Varietal differences were significant with Mars having 
more "redness" than Lemont and Tebonnet. Lemont exhibited 
the lowest a values.
An increasing trend was observed for b values as dose 
levels increased. Irradiated samples were significantly 
different from nonirradiated samples. Higher values for 
irradiated samples indicated that they were more yellow 
than nonirradiated samples.
Overall, Lemont exhibited more "yellowness" than Mars 
or Tebonnet, but was not significantly different from Mars.
As storage time lengthened, b values increased. This 
shows that stored samples were more "yellow" than initial 
samples.
Results on color changes are perhaps similar to that 
observed by Roushdi et al. (1981) on corn starch, although 
higher doses were used. Starch from grains irradiated at 
750 Krads and 1000 Krads turned yellowish and reddish, 
respectively. These workers attributed these observations 
to changes in starch and protein structure.
4.5. SUMMARY AND CONCLUSIONS
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Effects of gamma-irradiation, variety and storage were 
studied in three Louisiana rices. Dose levels of 0, 100 
and 200 Krads were employed on Mars, Lemont and Tebonnet 
varieties. These samples along with milled rice controls 
were stored for a period of six months. Sampling periods 
were 0, 3 and 6 months at which time samples were subjected 
to chemical and physical analyses.
Alteration of rice grain structure and composition due 
to irradiation was manifested by changes in certain 
physicochemical properties. These included reduction of 
cooking time, increased water uptake, increased amounts of 
starch and protein in residual cooking liquid, reduced 
volume expansion, increased damaged starch and changes in 
amylographic pasting characteristics. Scanning electron 
microscopy revealed the presence of more simple structures 
in the central endosperm of the rice kernel. Measurements 
of color attributes indicated darkening of rice kernel 
color on irradiation. Much of these observations, however, 
suggest that the major component in the rice kernel 
drastically affected by gamma-irradiation is starch.
Modifications in bran layer structure may have also 
been brought about as indicated by increased water uptake, 
shorter cooking times and reduced volume expansion. 
However, evidence of structural changes were not observed 
in scanning electron microscopy. It has been suggested
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that a more detailed study may be necessary along with 
development of techniques for examination of the various 
layers comprising the bran.
Effects of gamma-irradiation on the protein component 
may be indicated by the increased amounts of extractable 
protein in residual cooking liquid, increased water uptake, 
cooking time and color. Specific effects on protein 
structure may be revealed from electrophoretic charac­
terization of soluble proteins, albumin and globulin; or 
of gluteiin, the major protein.
Amylose, moisture, fat and protein content were 
not significantly affected by gamma-irradiation. Changes 
in moisture and amylose content were not significant on 
storage.
Color of brown rice was significantly affected by 
dose, variety and storage. Total color difference values 
indicated that rice darkened on irradiation but on storage 
became lighter.
These studies have shown that the extent to which 
changes in physicochemical properties were brought about by 
gamma-irradiation were dependent upon variety. In some 
instances, the changes depended upon grain type. Many of 
the changes observed on storage of irradiated rice samples 
were similar to those of nonirradiated rice although the 
degree of these effects were dependent upon dose levels.
CHAPTER V
EFFECTS OF GAMMA-IRRADIATION, VARIETY AND 
STORAGE ON FAT ACIDITY AND TEA VALDES 
OF BROWN RICE
5.1. INTRODUCTION
Brown rice is recognized for its high nutritional 
value. However, its demand has been limited not only 
because of its longer cooking time but also because of its 
instability during storage.
Fat content of brown rice ranges from 1.6 - 2.8
percent (Juliano and Bechtel, 1985). Much of the fat in 
brown rice is found just below the surface (Barber, 1972) 
which in polished rice is removed during the milling 
process giving the rice grain more stability. The autoxid- 
ation that occurs in brown rice during storage results in 
the development of rancidity, consequently producing off- 
flavors and odors.
Several studies on various methods for brown rice 
storage have been conducted to slow deterioration and 
extend shelf life (Sharp and Timme, 1986? Sowbhagya and 
Bhattacharya, 1976 and Ory et al. 1980). Reports have been 
made on the improvement of shelf-life of rice grains by 
gamma-irradiation. Wang et al. (1983) found that irradia­
tion of whole rice grains at 100 - 300 Krads extended 
shelf-life to two or more years at room temperature and a
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relative humidity of 60%. There were little effects on 
fatty acid formation, and with reduction of fat acidity. 
Ismail et al. (1978) observed that storagability of brown 
and milled rice from Middle East varieties was improved by 
gamma-irradiation at dose levels of 10 - 50 Krads. Both 
studies were conducted in conjunction with reduction of 
crop losses due to insect infestation and microbial damage.
Tipples and Norris (1965) reported that gamma-irradia­
tion decreased the rate of oxidative degradation of fats in 
milled wheat although dose levels used were extremely high. 
It has been suggested that radiation may produce compounds 
that have antioxidant activity (Diehl, 1982).
This study constitutes the third phase of the project 
on the irradiation of Louisiana rice varieties. Its 
purpose was to determine the changes in the lipid component 
of gamma-irradiated brown rice on storage. Fat acidity and 
thiobarbituric acid (TBA) values were determined to measure 
its stability. No report has been made on oxidative 
changes as measured by TBA values in gamma-irradiated brown 
rice.
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5.1. MATERIALS AND METHODS
Rough rice samples of Mars, Lemont and Tebonnet 
varieties used in this study were obtained from the Rice 
Research Experiment Station at Crowley, Louisiana. Mars 
and Lemont made up a second batch of samples from the 1986 
crop while Tebonnet was from the 1987 crop. Milled and 
brown rice samples were prepared at the Rice Processing 
Laboratory of the Department of Agricultural Engineering, 
Louisiana State University. Brown rice samples were 
irradiated at 100 and 200 Krads using a Cobalt-60 source at 
the Nuclear Science Center, LSU. Milled and nonirradiated 
brown rice were used as controls.
Rice samples were stored at ambient temperature and 
humidity conditions for 4 months. Samples were drawn at 0, 
2 and 4 months and subjected to chemical analyses.
5.2.1. Preparation of Samples.
Procedures for the preparation of brown and milled 
rice described in Section 4.2.1 were followed.
5.2.2. Experimental Procedure.
A similar experimental flow diagram as given in 
Section 4.2.2 was followed in this study.
Irradiation of brown rice. Brown rice samples were 
irradiated in the same manner as described in Section
4.2.2.
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Storage. storage conditions for the rice samples were 
similar to those used in previous studies. Samples were 
taken out of storage at 0, 2 and 4 months; and subjected to 
chemical analyses.
Chemical analyses.
Controls and irradiated brown rice samples were 
subjected to chemical analyses which included fat and 
moisture contents, fat acidity, and TBA. Rice samples were 
ground in a hammer mill to pass through a 60-mesh sieve 
prior to analyses requiring samples in the flour form.
Thiobarbituric acid analysis. TBA analysis was 
conducted following the method of Tarladgis et al. (1960) 
with some modifications. Preliminary trials showed that a 
twenty-gram sample was optimum to obtain the necessary 
color intensity for absorbance measurements. Absorbance 
was read at 532 nm using a Gilford Response UV-Vis Spectro­
photometer. As determined in the laboratory, a value of 
68% recovery was used in calculating for the K constant to 
obtain TBA values.
Fat acidity. Fat acidity was determined using the 
AACC method (1976). Ten-gram samples of rice flour were 
subjected to extraction for 20-22 hours using hexane as the 
solvent extractant. Oleic acid was used as the standard. 
Absorbance was read at 640 nm using a Gilford Response UV- 
VIS Spectrophotometer. Fat acidity values were calculated 
and expressed as mg oleic acid per gram sample (d.w.).
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Fat content. Fat content was determined using the 
AACC method (1976) and hexane was used as the solvent 
extractant. Extraction was allowed to proceed for 20-22 
hours.
Moisture content. Moisture content was determined by 
the AACC method (1976). Samples were dried to constant 
weight at 135°C in a Precision Gravity Convection Oven.
Statistical analysis. A similar statistical design, 
analysis of variance procedure and correlation analysis as 
that described in Section 4.2.2 were followed.
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5.3 RESULTS
5.3.1 Changes During Storage in Fat Acidity. TBA Values. 
Fat and Moisture Contents of Hilled Rice and 
Irradiated Brown Rice from Mars and Lemont 
Varieties.
Milled, nonirradiated and irradiated brown rice from 
Mars and Lemont varieties from the 1986 harvest were
analyzed for fat acidity, TBA values, fat and moisture
content at different storage periods.
Fat acidity. statistical analysis showed that dose, 
variety and storage significantly affected fat acidity.
Variety and dose as well as variety, dose and storage
interactions were significant.
Table 5.1. Mean fat acidity of milled, nonirradiated 
and irradiated brown rice on storage.
Variety
Storage
time
(months)
Fat acidity (mg oleic acid/g sample)3
Milled
rice
Dose level (Krads) b
0 100 200
Mars 0 16.80 26.57cd 18.50i 23.83de
2 17.33 22.60ef 22.27efg 24.90d
4 20.63 36.20a 33.33b 32.00b
Lemont 0 18.27 20.30ghi 22.17efg 21.03fgh
2 18.03 21.57fgh 20.68fghi 19.37hi
4 19.70 28.23c 21.03fgh 20.33ghi
fjMean of three determinations.
"Means with the same letter are not significantly different
at P > 0.05.
Fat acidity values are given in Table 5.1. Graphical 
presentations of these changes are shown in Figures 5.1a 
and 5.1b. Irradiated samples generally had significantly 
lower values than nonirradiated samples. However, con­
sidering individual samples there seems to be some varia­
tions from this general trend. Mars samples irradiated at 
200 Krads showed a higher mean value than 0 and 100 Krad 
samples at 2 months storage. Similarly, irradiated Lemont 
samples at initial storage gave higher values than nonir­
radiated samples but these were insignificant. Mean 
separation showed that irradiated samples were not sig­
nificantly different from each other (Table 5.2), although 
a decreasing trend in fat acidity values was observed with 
increasing dose levels for Mars at 4 months storage and 
Lemont at 2 and 4 months storage.
Table 5.2. Mean separation for fat acidity
(mg oleic acid/g sample) by dose.
Grouping Meana N Dose (Krads)
A 25.91 18 0
B 23.58 18 200
B 23.58 18 100
aMeans in the same letter grouping are not significantly
different at P > 0.05 using the LSD test.
Varietal differences in fat acidity were found to be 
significant. Fat acidity values for Mars were significant­
ly higher than that of Lemont.
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Figure 5.1a. Effect of gamma-irradiation and storage
on fat acidity of brown rice (Mars var.).
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Figure 5.1b. Effect of gamma-irradiation and storage on
fat acidity of brown rice (Lemont var.).
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Table 5.3. Mean separation for fat acidity
(mg oleic acid/g sample) by storage.
Grouping Meana N Storage time (months)
A 28.52 18 4
B 22.09 17 2
B 22.08 18 0
aMeans in the same letter grouping are not significantly
different at P > 0.05 using the LSD test.
Generally, an increasing trend in fat acidity values 
was noted as storage time increased. Comparison of 
individual values showed that the extent of increase in fat 
acidity in nonirradiated samples of Mars was greater than 
that of samples irradiated at 200 Krads whereas it was less 
than that of samples irradiated at 100 Krads. For Lemont, 
nonirradiated samples showed a significant increase in fat 
acidity with storage while irradiated samples showed a 
decrease which was, however, not significant. At 4 months 
storage, irradiated samples had significantly lower values 
than nonirradiated samples. Mean separation (Table 5.3) 
showed that samples at 0 and 2 months had fat acidity 
values that were not significantly different from each 
other but were significantly lower than those at 4 months.
Fat acidity values of milled rice were lower than 
those for brown rice varieties. A slight increase was 
noted with storage.
TBA. TBA values were significantly affected by dose, 
variety and storage. Interactions of dose and variety;
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dose and storage; and variety, dose and storage were 
significant.
Mean values for TBA are given in Table 5.4. From 
these values and Figures 5.2a - 5.2b it was noted that 
Mars showed a different trend from Lemont. At 0 and 4 
months storage Mars showed an increase from 0 Krads to 100 
Krads and then a decrease at 200 Krads while at 2 months 
storage showed a decrease from 0 Krads to 100 Krads and a 
very large increase to 200 Krads.
Table 5.4. Mean TBA values for milled and irradiated 
brown rice.
Variety
Storage
time
(months)
TBA values3
Milled
rice
Dose level (Krads) b
0 100 200
Mars 0 0.68 0.41ef 0.46cdef 0.37f
2 0.33 0.49cdef 0.41f 0.81b
4 0.41 0 . 38f 0.67bcde 0.45def
Lemont 0 0.14 0.50cdef 0.37f 0.57bcde:
2 0.16 0.73bc 0.48cdef 0.68bcd
4 0.86 1.10a 0.41f 0.50cdef
aMean of three determinations.
kMeans with the same letter are not significantly 
different at P > 0.05.
Lemont, however, showed a definite trend in TBA 
values. A decrease from 0 Krads to 100 Krads and an 
increase at 200 Krads was observed. It could be noted that 
values for irradiated samples at 2 and 4 months were lower
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Figure 5.2a. Effect of gamma-irradiation and storage on
TBA values of brown rice (Mars var.).
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Figure 5.2b. Effect of gamma-irradiation and storage on
TBA values of brown rice (Lemont var.).
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than that of nonirradiated samples. The extent of increase 
from initial storage to that at 2 months for irradiated 
samples was less than for nonirradiated samples. There was 
a decrease in the TBA values of 200 Krad samples at 4 
months storage. Values for Lemont were significantly
higher than those for Mars.
Mean separation (Table 5.5) showed that TBA values of 
100 and 200 Krads were lower than those of 0 Krad samples. 
However, values of 0 and 200 Krad samples were not sig­
nificantly different from each other.
Table 5.5. Mean separation for TBA values by dose.
Grouping Meana N Dose (Krads)
A 0.60 18 0
A 0.56 18 200
B 0.47 18 100
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Table 5.6. Mean separation for TBA values by storage.
Grouping Meana N Storage time (months)
A 0.60 18 2
A 0.58 18 4
B 0.45 18 0
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Mean values for samples at 2 months were the highest 
followed by those at 4 months (Table 5.6). These were
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significantly higher than those at 0 month storage but were 
not significantly different from each other.
Milled rice values for Mars at 2 and 4 months and for 
Lemont at 0 and 2 months were lower than corresponding 
brown rice samples. The mean value obtained for Mars at 0 
month storage was higher than those for all brown rice 
samples, while for Lemont mean milled rice value at 4 
months was higher than those of irradiated brown rice 
samples but lower than values for nonirradiated brown rice.
Fat content. Statistical analysis showed that fat 
content values of irradiated brown rice were significantly 
affected by dose and variety. Variety and dose interac­
tions were not significant but variety, dose and storage 
interactions were significant. Mean values for fat content 
are given in Table 5.7.
Table 5.7. Mean fat content of milled and irradiated 
brown rice with storage.
Fat content (%)a
Storage Dose level (Krads)e
time Milled ___________________________
Variety (months) rice 0 100 200
Mars 0 0.19 2 .77defgh 3.19a 2.91bcde
2 0.14 2.89bcde 2.93bcd 2.90bcde
4 0.26 2.86cdef 3.13ab 2.95abcd
Lemont 0 0.14 2.61fghi 2.84cdefg 2.85cdef<
2 0.17 2.44i 3.05abc 2.58hi
4 0.25 2 .75defghi 2.68efghi 2.60ghi
aMean of three determinations.
^Means with the same letters are not significantly
different at P > 0.05.
Although values at 100 Krads were only slightly higher 
than those at 0 and 200 Krads, statistical analysis showed 
that these differences were significant. Mean separation 
for fat content by dose is given in Table 5.8.
Table 5.8. Mean separation for fat content (%) by dose.
Grouping Meana N Dose level (Krads)
A 2.97 18 100
B 2.80 18 200
B 2.72 18 0
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Varietal differences were significant and Mars had 
significantly higher fat content values than Lemont. Mean 
separation did not show any significant differences between 
fat contents of samples at different storage periods (Table 
5.9) .
Table 5.9. Mean separation for fat content (%) by 
storage.
Grouping Meana N Storage time (months)
A 2.86 18 0
A 2.83 18 4
A 2.80 18 2
aMeans in the same letter grouping are not significantly
different at P > 0.05 using the LSD test.
2 1 4
Milled rice samples had lower fat contents than 
brown rice. Fat content for both varieties were almost the 
same.
Moisture content. Moisture content was significantly 
affected by variety and storage. Dose effects were not 
observed. Interactions of the different variables were not 
significant.
Table 5.10. Mean moisture content of milled and 
irradiated brown rice with storage.
Moisture content (%)a
Storage Dose level (Krads)0
time Milled _________________________
Variety (months) rice 0 100 200
Mars 0 13.12 13.58ab 13.48ab 13.40ab
2 13.01 12.81cde 13.17bc 12.87cd
4 13.14 13.57ab 13.75cdef 13.15bc
Lemont 0 12.47 12.39efgh 12.44defgh 12.74cdef
2 12.23 12.32fgh 12.09h 12.25gh
4 12.67 12.79cde 12.83cd 12.64defg
^Mean of three determinations.
"Means with the same letter are not significantly 
at P > 0.05.
It was noted that moisture content of Mars was higher 
than that of Lemont. Changes in moisture content was also 
observed with storage. Mean separation showed that samples 
at 0 and 4 months storage had moisture contents that were 
not significantly different from each other but were 
significantly higher than those at two months (Table 5.11).
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Table 5.11. Mean separation for moisture content (%) by
storage.
Grouping Meana N Storage time (months)
A 13.12 18 4
A 13.01 18 0
B 12.58 18 2
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Correlation analysis. Correlation analysis showed no 
significant correlation between fat acidity and TBA (Figure 
5.3). Correlation analysis showed that fat acidity and fat 
content were correlated with moisture content but TBA 
values were not (Table 5.12). No significant correlation 
was observed for fat acidity and TBA with fat content 
(Table 5.13).
Table 5.12. Correlation of fat acidity, TBA and fat 
content with moisture content.
Property moisture content
Fat acidity 
TBA
r = 0.53*** (n ~ 
r = 0.07ns (n =
53)
53)
***significant at P < 0.001. 
ns - not significant at P > 0.05.
Table 5.13. Correlation of fat acidity and TBA with 
fat content.
Property Fat content
Fat acidity r = 0.27ns (n = 53)
TBA r = -0.15ns (n = 53)
ns - not significant at P > 0.05.
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Figure 5.3. Relationship of fat acidity and TBA values
of irradiated brown rice.
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5.3.2. Changes During Storage in Fat Acidity. TBA Values.
Fat and Moisture Contents of Milled Rice and 
Irradiated Brown Rice from Tebonnet Variety.
Milled and brown rice samples from the 1987 crop were 
analyzed for fat acidity, TBA, fat and moisture content to 
determine changes with storage and irradiation. Results 
obtained are given in Table 5.14. Changes in fat acidity
Table 5.14. Changes in fat acidity, TBA, fat and moisture 
content of milled and irradiated brown rice 
on storage.
Sample
Dose
Level
(Krads)
Storage
time
(months)
Propertya
Fat
acidity*3
TBA 
value i
Fat
content0
Moisture
content0
Milled
rice 0 19.73 0.28 0.20 12.32
2 18.31 0.20 0.22 12.40
4 19.51 0.24 0.23 12.18
Brown
ricee 0 0 21.58c 0.42b 3.11a 12.54a
2 22.66bc 0.58ab 2.06b 12 .'39ab
4 25.23abc 0.78a 2.89a 12.03c
100 0 28.21a 0.44b 3.24a 12.56a
2 26.lOab 0.82a 2.74ab 12.20bc
4 28.42a 0.52ab 3.20a 12.08bc
200 0 21.70c 0.59ab 3.12a 12.58a
2 28.24a 0.71ab 2.80ab 12.04c
4 23.71bc 0.55ab 3.26a 12.17bc
aMeans of four determinations.
“mg oleic acid/g sample. 
cpercent d.w.
^percent
eMeans in the same column with the same letters are not 
significantly different at P > 0.05.
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and TBA values are graphically shown in Figures 5.4 and 
5.5.
Fat acidity was significantly affected by dose and mean 
separation (Table 5.15) showed 100 Krad samples had 
significantly higher values than those at 0 and 200 Krads 
which were not significantly different from each other.
Table 5.15. Mean separation for fat acidity
(mg oleic acid/g sample) of Tebonnet by dose.
Grouping Meana N Dose (Krads)
A 27.58 12 100
B 24.55 12 200
B 23.30 11 0
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Fat acidity was not significantly affected by storage. 
Mean separation showed that samples stored for 2 months 
gave the highest values while those at initial storage had 
the lowest values (Table 5.16).
Table 5.16. Mean separation for fat acidity
(mg oleic acid/g sample) of Tebonnet 
by storage.
Grouping Meana N Storage time (months)
A 26.04 11 2
A 25.79 12 4
A 23.83 12 0
aMeans in the same letter grouping are not significantly
different at P > 0.05 using the LSD test.
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Figure 5.4. Effect of gamma-irradiation and storage
on fat acidity of brown rice (Tebonnet
variety).
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Figure 5.5. Effect of gamma-irradiation and storage
on TBA values of brown rice (Tebonnet
variety).
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Dose levels did not significantly affect TBA values. 
However, overall, 200 Krad samples showed the highest TBA 
values and 100 Krad samples the lowest (Table 5.17).
Table 5.17. Mean separation for TBA by dose.
Grouping Meana N Dose (Krads)
A 0.62 12 200
A 0.60 12 0
A 0.59 12 100
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Analysis of variance results showed no significant 
effects of storage on TBA values but mean separation (Table 
5.18) showed that 2 month samples had significantly higher 
values than 0 month samples. The 4 month samples were not 
significantly different from either 0 or 2 month samples. 
Irradiated samples at 4 months, however, showed lower TBA 
values than nonirradiated samples.
Table 5.18. Mean separation for TBA by storage.
Grouping Meana N Storage time (months)
A 0.70 12 2
A B 0.62 12 4
B 0.48 12 0
aMeans in the same letter grouping are not significantly
different at P > 0.05 using the LSD test.
Statistical analysis showed that fat content was not 
significantly affected by dose and storage. Moisture 
content, however, was significantly affected by storage but 
not by dose. Table 5.19 shows mean separation for moisture 
content by storage. As storage time increased moisture 
content decreased, although samples at 2 months were not 
significantly different from those at 4 months.
Table 5.19. Mean separation for moisture content (%) by 
storage.
Grouping Meana N Storage time (months)
A 12.56 12 0
B 12.21 12 2
B 12.09 12 4
aMeans in the same letter grouping are not significantly 
different at P > 0.05 using the LSD test.
Correlation analysis showed that fat acidity and TBA 
values were negatively correlated to moisture content. 
Correlation coefficients were -0.36 and -0.37 for fat 
acidity and TBA, respectively, and were significant at 
P < 0.05. Fat acidity and TBA values were not significant­
ly correlated.
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5.4 DISCUSSION
5.4.1 Changes During Storage in Fat Acidity. TBA Values. 
Fat and Moisture Contents of Milled Rice and 
Irradiated Brown Rice from Mars and Lemont 
Varieties.
Fat acidity. Results showed that fat acidity values 
of irradiated samples of Mars and Lemont were generally 
lower than those of nonirradiated samples, although there 
were some fluctuations in individual values. At certain 
storage times a decreasing trend in fat acidity was 
observed with increasing dose level. Similar results were 
obtained by Ismail et al. (1978) where they observed a 
slight decrease in fat acidity in milled and brown rice 
samples irradiated at 10 - 50 Krads. Wang et al. (1983) 
reported varying results for Taiwan produced rice varieties 
irradiated as whole grains. Two of the rice varieties 
irradiated below 300 Krads showed about the same fat 
acidity values as the nonirradiated controls while a third 
variety showed an 18.9% increase at the same dose levels.
The lower fat acidity values of irradiated samples of 
Mars may imply destruction of some free fatty acids during 
irradiation. Tipples and Norris (1965) observed that at 
10,000 Krads linoleic and linolenic acids decreased 
slightly with irradiation while oleic and palmitic acid 
increased and total fatty acids remained unchanged. These
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workers suggested that free fatty acids seemed to undergo 
more changes on irradiation than total fatty acids, 
indicating that free fatty acids are more susceptible to 
changes in irradiation than esterified acids.
Other workers (Milner, 1957; Milner and Yen, 1956; Yen 
et al. 1956; Lai et al. 1959; Fifield et al. 1967; Chung et 
al. 1967) have reported that fat acidity values remained 
unchanged on irradiation of wheat flours, indicating that 
the treatment did not bring about fat hydrolysis. This 
would be true for Lemont as well, where fat acidity values 
at initial storage for both irradiated and nonirradiated 
samples were the same.
Varietal differences in fat acidity values, with Mars 
having higher values than Lemont, may be attributed to 
differences in amount of free fatty acids and to total 
fatty acid content. Taira (1983) reported that lipid 
content and fatty acid composition is influenced by variety 
and cropping year.
Storage affected fat acidity values. Both nonir­
radiated and irradiated Mars sample values increased with 
storage, while only nonirradiated samples of Lemont showed 
an increase and irradiated samples remained virtually the 
same. These results imply occurrence of fat hydrolysis in 
Mar samples and in nonirradiated Lemont samples, and none 
in irradiated Lemont samples upon storage. Another 
explanation could be that the rate of hydrolysis and rate
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of reaction of liberated fatty acids were not affected. 
Results obtained seem to indicate that free fatty acid 
formation in Mars during storage is not impaired by 
irradiation while that in Lemont is not affected.
The values obtained for irradiated Mars samples would 
show that extent of hydrolysis in these samples was less 
than that in nonirradiated samples. Ismail et al. (1978) 
also noted that irradiated milled and brown rice exhibited 
a slight increase in fat acidity after 5 months storage and 
that the development of fat acidity was less in irradiated 
samples than in controls. Wang et al. (1983) reported that 
the fat acidity levels of two varieties they studied 
decreased markedly after 12 months storage while another 
variety stored under the same conditions showed a slight 
increase. They observed that all varieties showed a 
decrease in fat acidity after 24 months of storage. The 
decrease was 40-45% of that of the original rice grains 
before storage.
TBA values. The lower values obtained for Lemont at 
100 Krads seem to indicate that irradiation at this level 
retards lipid oxidation. In contrast, Tipples and Norris 
(1965) reported that peroxide values of freshly irradiated 
wheat flour samples increased with increasing irradiation 
doses.
TBA values for Mars did not show the same trend with 
increasing dose levels at 0 and 4 months. Results indicate
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that irradiation causes some changes in the lipid com­
ponent, but the changes observed for Mars may be related to 
various interactions, or perhaps modifications, with 
proteins and starch. Chipault and Mizuno (1966) have
stated that the effect of irradiation on fat in intimate 
contact or in the presence of other food components is 
complex. It has been cited that the rate of peroxide
formation from pure fatty acids was markedly reduced by 
proteins (Nawar, 1983; Delincee, 1983b). Formation of 
hydroperoxides from starch-1 ipid mixtures have been 
observed and was shown to depend on lipid composition,
dose, dose-rate and duration and temperature of storage 
after irradiation (Delincee, 1983b).
Another possible explanation may be the presence of 
innate interfering substances in the oxidizing system or 
compounds produced from other components on irradiation 
that would react and give the same color reaction as
malonaldehyde and thus be measured as the TBA reaction. 
Carbonyl compounds may be formed from the irradiation of 
starch. Raffi et al. (1981) reported that one radioinduced 
compound formed from gamma-irradiation of maize starch at 
100 Krads was 2-hydroxymalonaldehyde (or 2-hydroxy-1,3- 
propandial). This compound may be a TBA reacting sub­
stance. Low TBA values may also result from the possible 
reaction of malonaldehyde with proteins (Nawar, 1985).
227
The possible presence of interfering substances may also 
explain the results obtained for Mars milled rice.
Although there was an increase in TBA values at 2 
months and then a decrease at 4 months in Lemont and 
Tebonnet samples, at the end of the 4-month storage period 
TBA values for irradiated brown rice were lower than the 
nonirradiated samples. Similarly, Tipples and Norris 
(1965) observed that on storage, the peroxide value of 
irradiated milled wheat did not increase to the same extent 
as nonirradiated samples. Delincee (1983b) stated that in 
irradiated starch-1ipid mixtures hydroperoxides and 
aldehyde breakdown products reached a maximum and fell to 
relatively low values on storage.
Fat content. Statistical analysis showed that fat 
content varied with dose level. Samples exposed to gamma- 
irradiation had higher values. These result do not agree 
with those previously reported in Chapter 4. Fat content 
values, however, were not very different. Nadeem et al. 
(1969) reported that irradiation did not bring about 
changes in fat content. Similarly, Chung et al. (1967) and 
Tipples and Norris (1965) reported that effects of gamma- 
irradiation on total lipid content of wheat were small.
The results obtained, which show irradiated samples 
containing higher fat content, may, however indicate that 
at higher irradiation levels lipids in the granule are more 
accessible to solvent extraction because of the degradation
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or opening up of the rice kernel structure. Protein bodies 
of the starch endosperm, particularly the core portion of 
large protein bodies are rich in lipids (Resurrecion and 
Juliano, 1981; Tanaka et al. 1978). Lipids are also 
present in starch granules. These are found in the 
enclosing plastid membrane and bound within the granule 
(Juliano, 1983).
Moisture content. Moisture content was not affected 
by gamma-irradiation. Nadeem et al. (1969) made the same 
observations for basmati-370 rice irradiated at 40 Krads 
and below.
Variations due to variety and storage were observed. 
Mars had higher moisture contents than Lemont. These 
values are dependent upon the extent of drying and environ­
mental conditions prior to acquisition and treatment of the 
samples. Moisture content of 4-month samples were general­
ly higher and may be due to absorption of water during 
storage.
Correlation of moisture content, fat acidity. TBA and 
fat content. Although fat acidity and TBA values were 
lower for irradiated than nonirradiated samples, no 
significant correlation was observed between the two 
properties. The absence of a correlation may indicate that 
the extent of fat hydrolysis does not proceed to the same 
degree as fatty acid oxidation. Or perhaps, for reasons
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already mentioned above with regard to TBA values, the 
relationship may be masked.
Fat acidity was directly related to moisture content. 
This would indicate that fat hydrolysis occurred with 
increasing moisture contents. The moisture contents in the 
rice samples were relatively low. The potential for 
hydrolytic rancidity in stored grain at low moisture 
content may be brought about by lipase activity. Lipolytic 
activity could still be measured at water activities below 
0.2 and maximum en2yme activity is attained at aw = 0.85 
(Galliard, 1983). Lipases require only sufficient water to
act as substrate in the reaction: RCOOX + H20 ------> RCOOH
+ XOH (Galliard, 1983).
Increased fat acidity values may also be the result of 
indirect effects of gamma-irradiation. Radiolytic products 
from water may induce bond cleavage in lipid molecules to 
produce more free fatty acids.
No significant correlation was obtained between 
moisture content and TBA values. There did not seem to be 
any effect of moisture content on lipid oxidation in Mars 
and Lemont varieties. Fat acidity and TBA values were not 
significantly correlated with fat content.
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5.4.2 Changes Purina Storage in Fat Acidity. TBA Values. 
Fat and Moisture Contents of Hilled Rice and 
Irradiated Brown Rice from Tebonnet Variety.
Results obtained for fat acidity were different from 
those for Mars and Lemont. Fat acidity values for 100 Krad 
samples were significantly higher than those of the 200 
Krad and nonirradiated samples, indicating that dose 
levels above 100 Krads perhaps do not enhance fat hydroly­
sis in this sample. Effect of storage on fat acidity were 
not significant. This would mean that significant changes 
in fat acidity did not occur on storage because of irradia­
tion.
TBA values were not significantly affected by dose. 
This effect was different from those observed for Mars and 
Lemont. Thus, these results tend to show that irradiation 
does not enhance autoxidation of fats nor does it retard 
the process in this sample, although means showed that 
samples irradiated at 100 Krads were the lowest.
Storage did not significantly affect TBA values but at 
the end of 4 months irradiated samples had lower TBA values 
than nonirradiated ones. Thus the extent of lipid oxida­
tion was less in irradiated samples than in nonirradiated 
samples on storage. These results are similar to those 
observed for Mars and Lemont.
In contrast to results obtained for Mars and Lemont, 
fat content for Tebonnet was not significantly affected by
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dose and storage. These results are in agreement with that 
reported by Nadeem et al. (1969); Chung et al. (1967) and 
Tipples and Norris (1965).
Moisture content was significantly affected by storage 
and not by dose. Moisture content decreased with storage. 
Loss of moisture content may have been brought about by 
temperature and humidity conditions on storage.
Fat acidity and moisture content were negatively 
correlated. This result is not consistent with those 
obtained for Lemont. Similarly, TBA was negatively 
correlated with moisture content. In this case, it seems 
that the presence of moisture served to protect the lipid 
component from hydrolysis and autoxidation. Studies on 
model lipid systems and various fat-containing foods have 
shown that rate of oxidation depended strongly upon water 
activity (Nawar, 1985). In low moisture foods (aw less 
than about 0.1) oxidation proceeds very rapidly but at an 
aw of about 0.3 lipid oxidation is retarded. The protec­
tive effect of water is believed to be brought about by the 
reduction of catalytic activity of metal catalysts, 
quenching of free radicals and promotion of nonenzymatic 
browning which produce compounds with antioxidant activity, 
and/or impeding oxygen access to the food (Nawar, 1985). 
Fat acidity and TBA were not significantly correlated.
5.5. SUMMARY AND CONCLUSIONS
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Brown and milled rice samples were prepared from Mars 
and Lemont varieties from a 1986 harvest; and from Tebonnet 
variety from a 1987 crop. Brown rice samples were packed 
in polyethylene bags and subjected to gamma-irradiation at 
100 and 200 Krads. These samples were stored together with 
milled and brown rice controls at ambient room temperature 
and humidity conditions. Samples were drawn at 0, 2 and 4 
months. Changes in fat acidity, TBA values, fat content 
and moisture content were determined during storage.
Fat acidity values of irradiated samples of Mars and 
Lemont were generally lower than nonirradiated samples. 
For Tebonnet, fat acidity values at 200 Krads were about 
the same as nonirradiated samples but the 100 Krad samples 
were relatively higher.
Nonirradiated and irradiated samples of Mars, and 
nonirradiated samples of Lemont showed an increase in fat 
acidity on storage. Irradiated samples of Lemont did not 
show any changes in fat acidity values. These indicated 
that fat hydrolysis in Mars was not impaired. Free fatty 
acid formation in Lemont was not affected. The extent of 
increase in fat acidity values in irradiated Mars samples 
on storage was less than that in nonirradiated samples. No 
significant effects of storage on fat acidity values were 
observed for Tebonnet.
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Results of TBA determinations tended to show that 
irradiation of Lemont of upt to 200 Krads reduced the rate 
of lipid oxidation. Values obtained for Mars did not show 
a definite trend but results are indicative of changes in 
the lipid component which may be related to various 
interactions with other major food components. No sig­
nificant effects of dose on TBA values were noted in 
Tebonnet. TBA values for irradiated samples of Lemont were 
lower than those of nonirradiated samples, on storage. On 
storage irradiated samples of Mars tended to have higher 
values than nonirradiated samples.
A more detailed study on changes in the lipid component 
of brown rice to determine specific effects brought about 
by gamma-irradiation and storage is necessary. There is a 
need to elucidate the cause and mechanism of the decrease 
in the rate of fat hydrolysis and autoxidation in some 
varieties on storage, and to determine the rationale in the 
variability of response to gamma-irradiation of the 
different rice varieties. Fatty acid profiles and changes 
in specific fatty acids would be helpful in showing gamma- 
irradiation effects. Furthermore, with an understanding of 
the mechanisms and changes involved, conditions for the 
improvement of shelf life of brown rice may be known.
CHAPTER VI
GENERAL SUMMARY AND CONCLUSIONS
The research on the gamma-irradiation of brown rice 
was undertaken in an attempt to develop brown rice with 
improved cooking qualities and longer storage stability. 
Studies were conducted to determine the effects of gamma- 
irradiation, variety and storage on selected physicochemi­
cal properties of brown rice. Three Louisiana rice 
varieties were used - Mars, a medium grain variety, Lemont 
and Tebonnet, long grain varieties.
Three phases of the project were included in this 
research. The first phase involved the determination of 
the minimum irradiation dose level which would bring about 
a significant change in cooking time and to determine the 
effects of irradiation on water uptake, amyl©graphic 
pasting properties, starch damage, amylose content, 
moisture content, residual solids in cooking water and 
color. It was observed that cooking time was significantly 
reduced at 200 and 300 Krads. Irradiation increased water 
uptake at 80°c, water uptake ratios, total solids content 
in cooking liquid and starch damage from 100 to 300 Krad 
samples. Water uptake at 96°C generally decreased with 
increasing dose levels.
In the second phase, investigations into the effects 
of gamma-irradiation on physicochemical properties were
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conducted to obtain evidence as to the nature of changes in 
rice grain structure and some of its components. The 
maximum dose level used for these sets of experiments was 
200 Krads because this was the minimum dose level that gave 
significant reduction in cooking time in previous studies. 
Results obtained gave strong evidence for alterations in 
rice grain structure and composition. The changes observed 
indicated that the component drastically affected was 
starch. Reduced cooking time, increased water uptake, 
increased amounts of starch and protein in residual cooking 
liquid, reduced volume expansion, increased damaged starch 
and changes in amylographic pasting characteristics were 
observed. Scanning electron microscopy showed more simple 
starch granules in irradiated samples. Although scanning 
electron microscopy did not show any structural changes in 
the bran layer, observations such as increased water 
uptake, and shorter cooking times may indicate changes in 
bran layer structure. Changes in the protein component may 
be indicated by the increased amounts of extractable 
protein in residual cooking liquid, increased water uptake, 
reduced cooking time and changes in color of the rice 
kernel.
Amylose, moisture, fat and protein content were not 
significantly affected by gamma-irradiation. No sig­
nificant differences were observed for moisture and amylose
236
content during storage. Color of brown rice darkened on 
irradiation and became lighter on storage.
Changes in physicochemical properties were dependent 
upon variety and in some instances, upon grain type. Some 
changes observed in irradiated brown rice on storage were 
similar to those in nonirradiated samples but the extent of 
these changes were dependent upon dose levels.
In the third phase of the project, effects on fat 
acidity and thiobarbituric acid values were determined to 
investigate changes in the lipid component on gamma- 
irradiation and storage. Fat acidity values were observed 
to be lower in irradiated than in nonirradiated brown rice 
of Mars and Lemont varieties while for Tebonnet 100 Krad 
samples showed higher values than nonirradiated and 200 
Krad samples which had about the same values. Storage 
changes were different among the three varieties. Fat 
acidity values of Lemont remained practically the same 
while Mars showed an increase but the extent of increase in 
irradiated samples was less than in nonirradiated samples. 
No significant changes were observed for Tebonnet with 
storage.
Variations in response of the different varieties were 
also noted for TBA values. Results obtained for Lemont at 
100 Krads tended to show that lipid oxidation was retarded 
at this level. Values for Mars indicated effects on lipid 
component but a definite trend was not observed which may
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be attributed to possible interactions with other food 
components or compounds in the system. TBA values for 
Lemont and Tebonnet increased with storage but the extent 
of the increase was slower compared to nonirradiated 
samples. Irradiation may, therefore, improve the storage 
stability of some brown rice varieties.
Further work is necessary to determine effects of 
gamma-irradiation on the components of brown rice. 
Information about changes in protein structure can be 
obtained from electrophoretic studies. A more detailed 
study of the bran layer structure along with development of 
techniques may reveal structural changes that would help 
explain properties of irradiated rice. Effects on the 
lipid component may be further shown by changes in free 
fatty acid profiles upon irradiation and storage. Studies 
on lipoxygenase activity may also shed light on possible 
effects on the lipid component. Elucidation of the cause 
and mechanisms of the decrease in the rate of fat hydroly­
sis and autoxidation in some varieties, on storage, and the 
rationale for the variability of response to gamma-irradia­
tion by different varieties, would be of interest.
Investigations also should be conducted to determine 
the changes brought about by gamma-irradiation and storage 
on vitamins, minerals, as well as textural and organoleptic 
properties of brown rice. Enlightening results could be 
obtained from studies on flavor aspects where gas chromato­
graphic-mass spectrophotometric analysis of headspace 
volatiles to assess flavor components would be employed. 
Changes in color may be further investigated particularly 
on the effects of irradiation and storage on natural color 
pigments found in the bran layer. Sensory evaluation of 
cooked rice to assess color, aroma, gloss and texture as 
well as acceptance is of great importance in the develop­
ment of acceptable irradiated brown rice.
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Appendix A.la. Effect of storage on cooking time of
nonirradiated brown rice.
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Appendix A.lb. Effect of storage on cooking time of brown
rice irradiated at 100 Krads.
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Appendix A.lc. Effect of storage on cooking time of brown
rice irradiated at 200 Krads.
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Appendix A.2a. Effect of storage on apparent water uptake
at 80°C of nonirradiated brown rice.
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Appendix A.2b. Effect of storage on apparent water uptake
at 80°C of brown rice irradiated at
100 Krads.
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Appendix A.2c. Effect of storage on apparent water uptake
at 80°C of brown rice irradiated at
200 Krads.
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Appendix A.3a. Effect of storage on water uptake ratios
of nonirradiated brown rice.
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Appendix A.3b. Effect of storage on water uptake ratios
of brown rice irradiated at 100 Krads.
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Appendix A.3c. Effect of storage on water uptake ratios
of brown rice irradiated at 200 Krads.
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Appendix A.4a. Effect of gamma-irradiation on starch in
residual cooking liquid of brown rice at
initial storage.
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Appendix A.4b. Effect of gamma-irradiation on starch in
residual cooking liquid of brown rice
at 3 months storage.
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Appendix A.4c. Effect of gamma-irradiation on starch in
residual cooking liquid of brown rice
at 6 months storage.
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Appendix A.5a. Effect of gamma-irradiation on extractable
protein in residual cooking liquid of brown
rice at initial storage.
E
X
T
R
A
C
T
A
B
L
E
 
PR
OT
EI
N 
(m
g/
g 
s
a
m
p
l
e
)
270
MARS TEBONNET
LEMONT
12 _
1 0_
4 _
0 100 200
DOSE LEVEL (KRADS)
Appendix A.5b. Effect of gamma-irradiation on extractable
protein in residual cooking liquid of brown
rice at 3 months storage.
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Appendix A.5c. Effect of gamma-irradiation on extractable
protein in residual cooking liquid of brown
rice at 6 months storage.
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Appendix A.6a. Effect of gamma-irradiation on volume
expansion of brown rice at initial
storage.
VO
LU
M
E 
EX
PA
N
SI
O
N
 
(%
)
273
MARS TEBONNET
es^ ss lem ont
50
40
30
0 100 200
DOSE LEVEL (KRADS)
Appendix A.6b. Effect of gamma-irradiation on volume
expansion of brown rice at 3 months
storage.
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Appendix A.6c- Effect of gamraa-irradiation on volume
expansion of brown rice at 6 months
storage.
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Appendix A.7a. Effect of storage on damaged starch in
nonirradiated brown rice.
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Appendix A.7b. Effect of storage on damaged starch in
brown rice irradiated at 100 Krads.
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Appendix A.7c. Effect of storage on damaged starch in
brown rice irradiated at 200 Krads.
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Appendix A.8a. Viscosity changes in milled and 9 ™ * "  
* irradiated brown rice (Mars var.) at
initial storage.
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Appendix A.8b. Viscosity changes in milled and gamma-
irradiated brown rice (Mars var.) at
3 months storage.
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Appendix A.8c. Viscosity changes in milled and gamma-
irradiated brown rice (Mars var.) at
6 months storage.
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Appendix A.8d. Viscosity changes in milled and gamma
irradiated brown rice (Lemont var.)
at initial storage.
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Appendix A.8e. Viscosity changes in milled and gamma-
irradiated brown rice (Lemont var.) at
3 months storage.
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Appendix A.8f. Viscosity changes in milled and gamma-
irradiated brown rice (Lemont var.) at
6 months storage.
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Appendix A.8g. Viscosity changes in milled and gamma-
irradiated brown rice (Tebonnet var.)
at initial storage.
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Appendix A.8h. Viscosity changes in milled and gamma-
irradiated brown rice (Tebonnet var.)
at 3 months storage.
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Appendix A.8i. Viscosity changes in milled and gamma-
irradiated brown rice (Tebonnet var.)
at 6 months storage.
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Appendix A.9a. Effect of gamraa-irradiation on setback of
brown rice (Lemont var.) on storage.
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Appendix A.9b. Effect of gamma-irradiation on setback of
brown rice (Tebonnet var.) on storage.
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Appendix A.9c. Effect of gamma-irradiation on setback of
brown rice (Mars var.) on storage.
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Appendix A.10a. Effect of gamma-irradiation on consistency
of brown rice (Mars var.) on storage.
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Appendix A.10b. Effect of gamma-irradiation on consistency
of brown rice (Lemont var.) on storage.
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Appendix A.10c. Effect of gamma-irradiation on consistency
of brown rice (Tebonnet var.) on storage.
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Appendix A.11a. Storage effects on total color difference
of nonirradiated brown rice.
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Appendix A.lib. Storage effects on total color difference
of brown rice irradiated at 100 Krads
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Appendix A.lie. Storage effects on total color difference
of brown rice irradiated at 200 Krads
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Appendix A.12a. Storage effects on L values of
nonirradiated brown rice.
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Appendix A.12b. Storage effects on L values of brown rice
irradiated at 100 Krads.
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Appendix A.12c. Storage effects on L values of brown rice
irradiated at 200 Krads.
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Appendix A.13a. Storage effects on a values of
nonirradiated brown rice.
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Appendix A.13b. Storage effects on a values of brown rice
irradiated at 100 Krads.
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Appendix A.13c. Storage effects on a values of brown rice
irradiated at 200 Krads.
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Appendix A.14a. Storage effects on b values of
nonirradiated brown rice.
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Appendix A.14b. Storage effects on b values of brown rice
irradiated at 100 Krads.
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Appendix A.14c. Storage effects on fe values of brown rice
irradiated at 200 Krads.
VITA
Veronica Castro Sabularse was born in Baybay, Leyte, 
Philippines on April 11, 1946, to Alfonso B. Castro and
Gliceria C. Hacariola. Upon graduation from the University 
of the Philippnes High School she entered the University of 
the Philippines at Diliman, Quezon City in 1962 and 
obtained a Bachelor of Science degree in Food Technology in 
November, 1967. She immediately entered the University of 
the Philippines at Los Banos and was granted a Master of 
Science degree in Food Science on May, 1971. She attended 
Michigan State University, East Lansing, Michigan in 1980- 
1982 where she took courses toward a Ph.D. in Food Science.
She joined the Food Research Laboratory of the 
National Institute of Science and Technology at Herran, 
Manila in June, 1971 where she held the position of 
Scientist III. In January, 1973 she joined the Institute 
of Chemistry, College of Arts and Sciences, University of 
the Philippines at Los Banos as an instructor, a position 
she holds up to the present. She was appointed Head of the 
General Chemistry and Chemical Education Division in 1983, 
a position she held until she left in August, 1984 for the 
Louisiana State University to pursue a doctoral degree in 
Food Science.
She has been a recipient of scholarships and awards. 
She was a University Scholar at the College of Agriculture, 
University of the Philippines at Los Banos in 1968-69. She
305
306
was awarded the Community Volunteers for International 
Programs Scholarship for the Winter and Fall terms, 1982 at 
the Michigan State University, East Lansing, Michigan. In 
1984 she was awarded the Louisiana United Methodists World 
Hunger Scholarship to pursue a Ph.D. in Food Science. From 
September 15, 1987 to June 15, 1988 she was an
International Fellow of the American Association of 
University Women Educational Foundation, Washington, D.C.
She is a member of honor societies and professional 
organizations, including the Phi Kappa Phi, Gamma Sigma 
Delta, Institute of Food Technologists, Philippine 
Association of Food Technologists, Chemical Society of the 
Philippines and the Philippine Association of Chemistry 
Teachers.
She is married to Dr. Dario C. Sabularse; and they are 
the parents of two boys, Julius Alfonso and Anthony.
DOCTORAL EXAMINATION AND DISSERTATION REPORT
Candidate: V eron ica  C astro  S a b u la rse
Major Field: Food S c ien ce
Title of Dissertation: P h y sic o ch em ica l P r o p e r t ie s  o f  Brown R ice  a s  In f lu e n c e d  
by G am m a-Irrad iation , V a r ie ty  and S to ra g e
Approved:
MajdSJProfessor and Cnairm
Dean of the Graduate
EXAMINING COMMITTEE:
$ L l Ob . faju.
|L. -S&MiliUl
b J
W\aa/Ks
Date of Examination:
October 5. 1988
